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4 ^ La£ <Sj (JjJaSJj ^ J^C>I Ia ^Ic* Aa^J) 

(JJaLia]) ^)i_H AjL^u^alj <jJ^)&Ua]| (j-mJall aIIj (JJaVI C5^ ^LoJlj S^iL^alij 

■ ?Ji C5^ ?& * £ (J*J 

ds^c.lij ,^4j AjjA^JI <ajA^J! dA u9lA\ ^AsJ A Ja-LuaJ aS^jU^a ujIjSJ! lAA 

I^j^-J^a Alii) ClllkA ^jll (PCR ) AjjI^jII ^ ^jaII A_i^J) A^JajVt ^ j)\-^ S^J j£Jl 

Jatfil! (_yaxJ ^JjJajj] 6^plj-a lilLiA Clul£ lillll _ _ _ (.la. IxjuiI j LgJLftJtlLujI ^i*-al j 
jLajij ~ j * > ^ <J!La 4_tjaj]| pAjj 4i!/l*Jl d)(l 4_aj2>Ia]( (-JjjoiLaJi 

^ui^j (jj C- ^LjaS 4-<aJ^La]i C_flj^)Ia]l 

l^JLai! dj^lc-Lsjji 

d)l«}^JJULa 0 f. > j2j: A 1 J. ^-»Q 111 4_ul J ^1 A x uAi^ 11 ^ X, A / p. jLa. AiLuO^J M '*' L \ n Va"' ' 

J JA^A JJjudJ Jjlj Itiuo^U j£Ju]U pSlli j i A ^j'all t"'l pIaj) j L_)Ij£JI 

A -qK . oj 5 ^plj ^j-a (J£J J jj-^a j-a )£juj]| j i A-ui^&j L_)lj£Ji C_S^£> A aaaj, 

liplijlj U] L-uiall <ilc.^ll ~^(( u)l j (_jIj£JI 11a jJjJaaJ j 4 jU£ pljj( - ; "' 

2013 / 4^JI 0^ 




J a 1) 




djLII v a rl 




4-xjljgJ! oLujIjjJI 




4. 1.^1 4 <3 1 £jL> Aj m sy < II o^LcLij 




OjJJ-SUI 4 . 1 <3 f J v->7 ->wO 




(■ 

DjJ^-SU) oM r 1 a 1 ^l^jl 



4 ti\ \ U1 oM-C.1 Q 1 



OjU) ( C I VO 1 

ol ol <jJ^l 0~^ D-L-cLsjjl^ 4-jlJ-I 3Ji±) ^LJ| j5 JI OjIJJ i a c I \>> *1 

f f f 

luI jj-><-o (<3 d>l ajJLlI) JLSLjjjXI ^ , LMJ-I pi ni.^.ilg pL_if <d A *< I & J ^ ^ ^ ~ 11/) 

. ( 2 J_SLsjj 9 1 J_SLsjj ) <i^UiJI 




DNA )3 j d_kj|jJI J_!^l 5 ^) :1 J_SLsjj 



1 



I DNA Hgase 

DMA Polymerase (Polu) 



DNAprimase^ ^ 
RNA primer 

4 \ 




Leading 

strand 



Topoisomerase 

6 



DNA Polymerase (PolS) 

1 Helicase 1 

Single strand,. 
Binding proteins 



DNA ^ 

-2 

fjjil .3 

RNA t>° A 

3_ln j-tiTij 1- ! ela |jjji -5 

DNA -6 

(_Jla '7 

JaiJjp tiLiiJ 



J J ■ ■ J ■■ ■ - 

4-cJhjXi J_>lj DNA 1 a_c\ t>> 3 & X I <3 C 4-LoLaJI CjDjJXI : 2 J_SL 



d 



& 

JJJ 



-JO I 



^1 



JO 



SI 



3 -L- 



4 loj \u^l ol &l2s) ^ & 1 (J-5L. 



\^>g-J I o |<3 &1 



< (Template , l_JUJ) ) gj-LiJ 1 ocl^-iLJl i yu 4_^u->gj,\ » ^ 1 1 

• DNA — uj t a £. I oj ^ 4-L0L2JI oLljlj^j^JI^ oL/^I ^ * q 2 J_SLuJ) Lo) 

^ & 5 d—jj^JLlI jjia-olj i-l J— 0 J oLaJu oLrj-ij ‘-dL-A oj^-SAJll ol_<j_iXI (j_c. ^1 ^ Qg 

a-. Exonucleases a^-jLi-l lijL£ !?lg_uj Restriction enzymes £_LO) oUpj 

f 

* U ;»-, cr -_JI Endonucleases aJ->-|jJI » U ;» t l oLrpj 9 I *_slj_LX) j_o ajggjJI j^b-olgJ-l 

j o ^Ig j— 1) a ? t"» a jg^>-g ^ (Sequences) oLlJI^jJI J3-)j ^ a_)ggjJ( j>» ^lg 'Ll 

. i— Sj_s_iJI £_s)g_o J-L<r -i-clgJLll 

jo . ol J_Lo oLjUJ! \ 4-jJ-i • I_9J ^9 A /-I /j> DAj2) ^-1oj 2_II oLcj-jj^ 

f 

o^L_S 1 jIij jLsJ J_<3_2j Ligase ^_>JJI oLr^jj j-o jgLs-iiLg q tl ol_<jjj jl_9 )oi> 
J9— i-al $j — S_> ^iJI (Recombinant DNA) v u/LlII DNA £ys LiJ d ^jIj9 



Helicase 



(<Hi 



I ^Lcl 



^ 1 '>> ~ 



?Lu) I ^ ■ ■ 11 ? & l LjLSLo -i-i- ~ II oLrp^l j-oj . 4_a_ljL>w0 

c 

DNA oLijyj> a . al^, r 3 . U ^_c dJ $J »d l Topoisomerases 0U3JI3 aLLa^jjjXI gj ^iJI 



2 





4-jlJ 1 j aJ I CjLsjjIjaJI jQ La 3 

do r O^L>^0 0-L.& l!jJ_2JLjjj 1 L^LiU Ja>-1j ^-jlJI i— ) Lx-Lq-sJ 1 ^ I £ L-Qj-SjJl -UZ_) 

f 

dll L£> J \,ohU Cjl QgJl * I ^ I oLALsJl ^ L-$^J 9 ^ ) U 4_jj)jgJl II St_diJ 

c 

j-0 oLljl_> Pa I > j_Sl-ol j| < ^Lj| j5 J| 4— uj,\ \ 1 1 JLq_ 2 JLjjjL £GLjlJ ^^iJ) oLaALsJI j-0 Aj^JzJI 

f £ 

d-djL 4 »_> ^1 L^_ L ^ jL_jL>I 4_Jg_»_jl ^ 4-jLLl 3^0 ^Jgj) j_0 4-jLLL->^ 0 jjl Q 

f 

b)$ Jl d ■ 0. ■ 0. >■ Lj^LkJJ 4 jljIj^JI (jAJ jjjXI p ^ Q ^3 I - 1 \ r I . I ^ ■ r jj ; * " Hj 1 b r I lia ' I J 

. Cloning b ^ K 1 1 ^ , I n s > ujj-aj Lo Gene splicing L^L^- alaL^- oLlc-c^ 

f f 

d-_)dJ-l la_)_)__slJ) ^ I Loji-L) Od cLi ^1 Qjj Cj-ud- j_0 gl t"» <y\ d-Ljj dJg I *S II d_J_d-C j Li-d^ 

oLopX) ^ (3' - 5' exonuclease) Proofreading £UjL->t 4_X 5^L>- Jg >gJ )j IhJ 

f 

^ <3>g 4 xJljg-Jl j)g II ^ Dj 9g ^1 ^bj^l oLi<3_C ^LiJ>-g . 4_Jg_xAU 4 _o_Laj^ 1 J_>)j 4_Lol_2_J) 

^l_Lxi ^1 J^> %^L Lij ish a^Uadl j-SUg LALL) J_>1 j 4jg-LSLlL d-dd_xjJll 

f f 

l-Q|a <^l j C dj_A»t_»JI j) I <3 _^ < LjjJlSLJI J Lo 3 O-dJI 4 * vv< pL_>) JI_o_ 2 JLjjjI Air ^L_> 

f 

j_0 Qjj ) J 7 *S J-U J3 SJ l^[aj 3>^1 dJJj3 4 I "N Qg DA^_>uO jg Sj DNA j_0 0J4^>^0 

. 4Lx_>gJg_jLJI ^iUgJI ^ ojg_>gJll oLljlJ-I 



Polymerase chain reaction (PCR) 4L JJ 4 uU^jV) Dp 3 _SJl oMcLu 

i <? C I Laj 4 jJ-O-sJ 4 va ti <? 7 \\\ II ol lsjIj-lJI ,\ 7 ig va 1 II jj iJI ol aJljljL^ 4_jL^_j ^ 

j—SUg 4 jljU 4 oJhJ^I ^jl-> I 0 C I "\ 1 1 4 I I <3 f olAL>wO ^ *s -o I (DNA) djg^jJ) l j>o dlg-d-l 

Kary Banks ^ ^ ^ I I PCR bj5 $ SJ I .-<N c\ h3 ^ ku, ] j >> « < j_c 

. cr L> t jJI d^Jj Mullis 

I ^ i • I f { i » L AJI JI >w<> ^s) bjjy. SHI cAL .1 dj i_d j i_ 2 j ( j_SLr 5 

c c 

1 > DNA 4 L)-> j— ^ 4 Jljl_ 2 -o plj->! j-o J-O-C AmplificEtioii ^_x 3 t_LAj 

? f 

0^*19 ‘ ^4^lgJI jl ^1 « ^AjIjJ gl L 7 _oJLjjl_CgJ 4_X^I 4 <3 l>> )^| 

~ f 

J-C-Lal L^J) ^Lc Ajl-Lq-S-U g->l J_L^g (j-SL^ l-^g ♦ ( 5 -^ljJ J-SLdlJ l,\ ()>g 4-g-jjl 

f 

. d-La-iL "» J d jl *>>l Jj 0 LJ 9 I d_d_L 2 _) Lo Lc$i k> ■ ’ ^-oyjj 



CtjJg *\ 11 



: ,_y^l (j-0 J V^I 1 SwQ J *S ni >g OjJg *\ II J-cLdJ la i I >• S-L) 

. d-o-u-> \^>~i oljJLI ^1 . DNA • 

f ~ f 

Match ^g^Lj ^ — II 4Lo_x3t — laj jIjJLI pjA>JJ j_rl j_i^^lg j_ lujI I_o_^4av) j_o ^gj • 

. 4 Q. \ ^ T will 4 _ 2 -LaJlJ) 
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jL^lj fcj fr . T l a_JLL>X ,g l ; t l < ■ T 1 (DNA polymerase) DNA op 9 -^ • 

c 

. ^jlg-J) 4_JLL^ 41 jlJljlJ>3j_LjJI OclgJLt) 4_9l_soj ^ I t tl OU— uju L-jJlg Q *N l-Q,\ tl 

l j-i_> mSoX! a '-^ ^ j <Q cjLj 2 a jJjLj CjI^ ■ "’j ■ I A) ■ ’■ tl j o iUal ni i i > mi * 

jL^LS' J_ o-ai ^>—11 ( C. T. G.A) d_ajjkl Deoxynucleotide triphosphate (dNTPs) 

• ^As^- 11 f <p] ^ t vaj ^Jl 9 ^jLJ! aJLLX pLm 
j_c Djj^-SU) J_cLij ogo_£* l7 J-Lq 4-jg l _<3 JL-Sltl L-Qgj Ia tl J_ 2 _J- Buffer ^j)j Jg-L^ • 
— jl_^_J) ^3-Sj — II ^ jj ? I tl P^Jjg J-cLj-lJl oljg l ^g \^A Q tl ^jjJL-S-jjJl l7 _L C ibLljU 

pH 

4_jjL>) (Jj >1 ol 1 ^ Mg ^g_x ujl-LS-11 ol 3g_j) jg Sj 0 jl_Cg g_sLSjLl) ^LjljLlJ oL)g_jl • 

. K ^g-JL— luljg-t-tl oLi^j) DjLc jg Sjg AsLSjlII 

f f 

. J-cL^jJl p)j) ^ Additives oLq! \^a 11 ja ? > • 



i _ 7 _<si LcA d a-QL-SJLQ <dL_Jg)g_> ol >gJ ^ JOlO ^ggljO- ( J_ SJJU j^l ^ oLig-SJU A A fls J_cL<i_LJg 

. 3 J-SoIlJ) ^ 4_>t_5Og-0 
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J i^o_9 ji4j sJ 95—90 ^4 4_jJI_C 4_>jJ ^1 La \ 1 JJ (j^St-UJU ^jJLj 4_})4^»J) ^ fl 9 

f 

< Denaturation ^ udU Jg j^_> ^1 £4g_ojLJL a vaLaLI DNA oUl^-aL 4_>gjjJU a log— uj^I 

f 

^_s_lj DNA a Ljj_> sjj II ^ * * * A * ^ J) j ^IgVI jj—u jl_Sj j_c 

^1 Djlj il a >jj j2^ &S- llI li < U ^ I 4_jg_5dJ 4 _jlJlj^5jJliJ 1 A^cIgLLl) i yu J_s*ogj ^^xJIg 



4-jl- 9L^ 4 \^Ag_9 4_>|jj 4-jjb 30 j_C J_j2j ^ 0a 2[ ^° 68 —50 ^4^0 jo ^ 4_Jjlj_> 4_>jJ 

f 

^ cl^JLl) J oLSj ^ I <~ LI cJLcI t_s^ ^_I) a L<j '"»! j- o _UI ,_>j^U d-Lj-sj; sluJ.) c ^jI 9 JJ 

^1 ojljJ-l ib-jj 4Jj ■ Annealing step iL-jil o-La ^ o '» < 9 ajl.^_->- 9j jlJI 

c c 

. >) olg l_ 94 ^_J) Jg-Lsg J_< 3 _sjljjjlJI) Djjt) *\ II £gJ j^J-c I^Um-cI ^ 72—68 ^Ig-A^ 

f c 

^yLx lsj I <3_^ — 4 jJI_C 4_Jj1j_> ol_>j4o J_o_2J ^^XlJ) ^Ig-J^l j-0 aJ-O-SJLjAiJJ oEjJ^) jg Sjg 

-L^jj — ujJI l7 — Lc (dNTPs) J \ * jg * I *Cg *;II 4_sl_j*bj |<^_jLj 4_L>jJ[1 d-lj^ pLblg . — Li_>^ dj_^j 



5 ) l_jl — IL aJ) Jojj — LjlJ) ^ — Lc 4 — clgLLl) j-o I ^ 1 o *\ j Lo ^1 L Lu—^u 1 ^jLJ) aJUoj j-o ujLiJ) 

(djj^JI) Sj^-S'Js l) ol J < 3 ? I I jL_ 2 J . Extension step ^lJLL^^I ^U_c ogoo- jl , Li,\^ II 

aX 2 \\\ *\ II ol J_o_ 2 _I 4 a-QL^ (l_ 94 ^_J|) DNA j O 4 jl_o_^ ^1 Jg J^gJ) j^xL OAj 4^C oljJl 

J_9j 0 LI 4 I. j -0 J_SU 4-0j^Ul D-L JL ) I \ G U ^I-QJ 5 Dj^J J_S^ ^j-S-L-UlJg . 

. D^Lc) La Ia S» II ( J_S^ I ^ \>A 4 ^ Dj 1^1 

f f 

I ^<3^1 j— O 3 ^ CJj-L^ j O j LS^l JL< 3 _ 2 _x jjjL J cLijJI ^ (j— ^ L -^ ^ ^Jl ^1 jL^j ^ 

^Ua \) j_c t s u <s 1 1 Gel electrophoresis J^cil $-& JUcs-ljjj^I a ? su lgJlg 

11^ >t_il 4 Q^j-JL-O DNA (j— o ^ lo Q 0 4 J^Li_LL I £ 4_9j_2-0^ 4-9, \ 1 wi 11 

J Lo O 3 I ol_ 2 _» 3^ JLo-sji jjjL jl ^ l _^2 Ljl SJ1 4 jl I o c Sjg . (DNA ladder) 

f 

^5-9 ?9 _ a 24 I I 4 L^jj. jzj v •. r LaJb ^ U ■g j ^iJ| Ethidium bromide -^o 9j -) 

. (Ultra violet light) ^ I I 



DjJ&_SUI CjM_C.Lij wjjj| 

J 9 J II jj 4 I ^ ■ Q s ij ^ A J S , ~ <1 ■ >-g DjJ^-SUI ^ ■ 1 Q jJ-i-fi 

f f 

jj — cJl j — O O LljlJ L ojJ 1 4 _jL^J ^ 4_J_J^^1 4_xJ_o_S_II j-o Oj 3 V> ") (^-Lc 2 _Jj_JJJlJ1 

J-L-ljvg 4-JJJ )j J ^ Q4 ^-cL 3lU-Q-LJ 4_Li-I_>t-0 0 I 3 V> >» , \ < Cg DAX j_Jg_>t_Lll j_SL T i) « lIjljLLII 

j Sdg L_)g I La I J j>Aj ? 1 1 ^op^Lx I Ojg >g Ojg-L^g LljLv -L_>1 J jg La 7 tl ^g-J (J-^§ < DNA 

^ ^4 II J_x_ 0^1 Jg 0—3JJ jgJ ^IgJ^l 7 ) ^1 ^j-LaJlII ^_Lx_JJJg 4 _jX4Jj_sJ) Jog La ^1 41u-u-Lj 

. Ij-OJLjajl-O Ijg-IoJ A ^ Ljl J g l4A> 4 -xJl-AjLI) 04^ ^ O I j_J g_>CLl I jl lLjl-> LJjAj 
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Standard PCR »■! : Li) d-ajyiaJ) 

1000—100 jO g-LoS ^pL-3r 1 (J Lq-3-I-JJJ ^ 1 0 _y> j -0 Lcg-u- UJ jJ-S^l 4-^-Jj L tl 

^1 1-^3 ♦ ^H 9 SUI oUyl j-o 4_sol_> £j 3 _)) 4aoj_Lj g-L Q p * ■>■ 3g < 4 _xJl_a>3jJlj oa_cLq 

. Jl |< 3 -x -0 ioJ jOj sJ 4 L 0 -X- 3 * joJ jIj 11 ^(3 iJI J 9 > 0 L 03 J-S-U V ) ^1 4 -J-< 3 - 2 -Il 

c 

a ; r J jJ_>tJLl) 4 Oj_L 4 < 3 _LSJg . a j a 1 1 3 ) 4 >^JjJL) |^_JL_>t_5^_3 

9 ! ^ L^L Q ) dJi 9 End-point products * . < 1^ ; t l ^ul^J) l7 _Lc L^JUjlljlJ 

~ f f 

• 2 ^ 9-0 °j4i J-^Lkil o^ 3 - 9 o-o lyl- 2 - 5 *^4^9 i£pJ c?' 



(AFLP PCR) dJb^L 

a x r ,-. l ^ . ■ U I ^ 1 Amplified fragment length polymorphism PCR a <? :> La 
DNA a L>jA>- ^ olj;<_2Ji I) _p_)a_>jl! Aj < tl Jx.Ljj I <•* Iaa> d_ uj L'olljv d-ijj-LaJI^ 

f 

g—sl^Jl) aja-sJI aja_>oJ ^oL>*_sjj^LJ Genotyping ^ > < 4-1 L » <g_ ljlJ 1 ^ J_<j_2jljjjlj llJJaJ 

DNA ol Ljj_j> jl 4 jjjj 1 a tl jo — iG-09 . PCR o^LcI — aj j — o J_J_s j oc JLq-sjljlsjL Loci 

9) I ^_ 9 j_sJ g—sl^-o j9-Sj jl J a ) j_L_Sl 3) -^->(3 g_LLs ^jjL L^-S-x-Ll-^J j<3_Lj ^3-Li) 

c 

JUvi A j 0 9 Msel Jj-o d . i . > 9J -Li O9.fi dJLj,l j_c Restriction sites Uy^r 

f 

J_Lo ^L_jl1jl^3j_Lj 4 — c)3_s cjl — sjj j — o 4J 3-Sl-o j-jljl _< r 3) l_9j_sJ g-i)3_o L^J jj-^l 4_2 _LLs oLjjj 
^ Linkers 3) Adaptors ol a x*s o ^1 jo LJI 0 tl ^ EcoRI 

oU_jj_^: 4LL03JH g_L^JL .LLjjMJ 4 _o_ 5 ^Lo ^j-Lc ^30^ ^idl ^9! PCR J_cLij plj->j 
j\ 4 Pa! 9 C7 _ Lc Amplicons oUp^OI J ^ a i ^ . (L^pp,.^ ^1 DNA 

.^1 



Alu PCR 

jj ikJI pg lJ -1 ^ (Alu sequences) Alu oLJI^i x >»- 1 J-o-sj mj a 

Alu oLJl^u a riil -^l d-^g-Luj-l j^l^Jll aja^- J_cLaiJ) I \ ^ 19 . 4 _i_o d_Ljj_aJI oLuA-Lllg 

4_0 30_J) O-J-li ^1 4 JJjljoi) a jl Q ol Lx-LI o)j_a2_LaJ)3 0 1 j-J L-S- li 1 AjaJ>- ^9 A-cLui-li 

^__Lc ,\ qjlsjJ 4 ^ jjJoJl oj3_L 0J3 . l-^3j ? o jj—t. DNA jo) Fingerprinting ^Lo^l 

JI_o_ 2 A jjjL ( I Dj U ji_JI) RT-PCR JU v. xx J Ji a^a^jlI! 

9 j_99 lJ plj-C^jl j a I j 1 9 ^ ■ > (_ 5 -^o (jp) Qjj-g— oL_o_SlJ d_sjjLm_i-) SYBR oLg-i—x^a 

• ^ OA^lA- 
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Allele specific PCR oiLj'tf L c^g_SJI 

f 

^ J-< 3 _SJ— ujug oLl^U 4_<iJjL>tJJ cALJtfl gl gg tl j^A \^A StJL) J^U3 

Allele I a % 4 7 a p^j)g_} |<1 JL o a^aJ C 7 _Lc I A-^JLS— Q jg ‘Cgg SNPS -iJ-lig 4Jg I < tig 

LoL? I ^ 1 <3 ‘n j g) ^iJ) ^IgjJI j-o (ASO) specific oligonucleotide 

gl j-ux-^JL.!) gJLXj-u - uj lLUj j Ls o-^_>lg oo-cLs ^ gJg Mismatch ^g^b aJL> jg_>g a ; rg 

. 4_<bMJJ L-Qgg L tl C-\-Jv Jobjg^l 

Single nucleotide a >lg , \ yg J ‘Ng y ^^1 t l J mjg 

j-o 3 ’ ibl^ ; II j 5 _Sj ^iJ! ^La-JL a-ioU- p^jlgo J_g ? ■ u<~» liJ . (SNP) polymorphism 
DNA jig ij <ULil uj d__9j_2-o jl <a_o>Li-l 2 _j l-o^g . (SNP) g-jL-S-lil L;r lc 4_Jg L> ^jbJ) 

f 

4 ooLJ-l obi i i II \ c $ •■- go>- j I dJbU DlA j ■■- : _Ljg Oj^bJXI ^j-Lj Jjgj. <j. 1 1 1 

• ^ 



Assembly PCR a ■ » ■ ^ >-tl cjg-SLJ) oALcUj 

oLJIgJ J- h Ls^-d J_<3_2 JLjjjlj L^_j^ cliJig JL<3_2 JLjjj^ 1 Ag ^ r j_c 4 h jg L tl oa-& l_q)a-&) laLLl 3 - 

f f 

oi & ^ ^jlg »J 1 jg Sbg a jlJ- I d q-Lhi^l Q Lj> 4 t C I 1 2 ^ L q ^1 DNA joO a_bg_L^ 

^ "\ tl l— ) b_ I— bl pb-d 4-^-jg Pa tl 0 A-& (J_<3_2JLjjjlj g 4_ LALjjj l_jlJ I_JlJ I DNA ol_Ljg_> 4 _JLjj_ La_J) 

lLl a_> ^jI ajlc^I PCR J-cLlij 4L_>bjj j_S Lr ^iJ) Jg-L^JI j-og^-^l ojLc L^dg-L jg S'j 

f 

o)j PCR J cLdJ ^ J- 2 ^ ^ (J--O9 4 — UlLj 2J ij-L_il j-0 4 I \A g i /) ^Pl3t n^a 1 

Jg 4 A-S-t^< 3 -J>tJL-l 1 Aj 3g < tl J_cbLo 4_Jg_L5J 2 “ 0 -$" ^ (J-O 9 I ^ a 2 ^-S-J J -0 J-oLSjJJ 4Ul-L)Lq 

. dJ^-LSUI ol 1 1 q r ^ d_qlo 3 o>_!jj| I iti \ i r j S rg Jg-LoJI J-qL^ tyj-?" ^ I r 



Asymmetric PCR jJabjJll j*± ojJg-SJI J-cUj 

f f 

^yl Ul xjjlJ ! j o j L^l DNA j-o -^_>lg ^pl3t \^a l J-cbLlil ii,\ g 

jg-^g , Probe hybridization oLil 9 ) 4 ; A ? o obJlgj Jl^ oo^c yi:k 

^j| j j— 0 4 J I c j * ^ lg 3 4_sl Ia r ^ \\J * ^ tl OgJgjLJI J_cLij g_^ Lo J-^-0 J-cbLlil 

i yx) jo-c ^l_jk_^-g 4 -La-L2lj pn * ^ 7 ! I 4_J_<j-C jg Sb lo-^g < 4 ^ 3 jlgJLI 

. olggoJl 

J-^-s-i mj I ^ A ^» g (Linear- after- the -exponential) LATE PCR a og g L oJg 

4 >godl ^gg <gi t l a J Lc Tmgl^ v^>) l oL-gj gi Limiting primer jo^I 

)-Lyg ^ CjL - 0_Sb ^jL»J 1 c qI ^Jg « J-cLLlil jjlgJg QpLi-^ ^ I c Jbb2_>JJ 4-0g^LJ) 4_jglg_bl 
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a ■ tl aL-jil 5 ) J i dd Aj *C , /■> a_L>-j_d ^ d ~ 0 ^ a ;l c ^jL»JI l-La> j 9 -S_) 

. J_cLidJ 

Helicase- dependent amplification a_Laj_ujVl J_a ^jjI opj-SJI J-cUj 

PCR 

f 

\ Qj 4 4 Lol_ 2 _tL Ojlj-dPL ^ l Aj \uVI J I /£ \x> J 1 ^_Jl5JL-0 4 JL I O £■ 4-jl-Q J_cLdJ 

f 

<lj ^9 5 & Helicase a Paj J 3 j) J-^ ^ 

f f 

a L^jIjJ) ol LjJ^jjJl j— 0 J.\ C lILJj ^ O-L-cLsjjlj^ QJj_<i-Lo 42 ^j_jjj1 ^1 4 

f f 

fj _C dJ^—SLuJ.) oLdjjX!^ OJj-dj-O d_JL_£; d t-Aj '"uVI ^ I r d_ki_ 3 L>_< 3 _LI OJj_dJ.) d t-Aj '"uM 1 
. Topoisomerases ^9 DNA aijjJ- ^ 1 ^ 9 ; V> II 9 I u I *s v» Jl 

~c 

J cLLiJI 0 I 5 L^_> d h a ? , ^jJL_3 ^ 4 _L^j_ 5 jj ^1 J dJ dJj_JLj J cLi-dl A ; r j 

. j_^LU Cjl_9^_JI ^ 4 h , Pa 11 4^_jj_L^J) ,^-^9 0 j 1 j-jU oL>jj a S^g ^4 ^LllJ1 



Hot-start PCR ajL^LuJI 

^JLxJ Ljj^J 5 D-iJl (^° 95 —92) i yu ^^IjJLj 4_jlJI_C Oj1j_> 4_>jJ JL<3 _2 JLjjjL 1-LjJ 4_ilJj_L3 
> luI SLs (jl ill Jj plj9 (_j I i \uXI9 . il ■ ' r y I Aj 'ij *C II j_c. I a i i ^9 j v~\i tl 1 a \ t i 

d ; 1 Dj < ‘s J J^g-2_L 



^jju ( 5 -LJI Taq polymerase Jj-o adLaJI ojljJ-l oU-jaj a U a< •, 

9 I p 37 Cljl>^> J— i-o 4 ^ lolgJl Dj)j_il oL>j-lJ j^A 0 StJ^Q J \u ) I 7 ti tL-S-JlJ 4 In 0 \ >^Q 

4^>t_iJLj 4-Q,\ 7 \u ,0 jHL-C ^Pl3t va 1 ^U)lgJ j 9 (j to ^1 dUi 4_9 j_sJ) 

f 

^j_>1 4lJ^L»Jj1^ l-jlJLlJI DNA 4_Ljj_> c qa ^ 7 will pj_J-L J^Ljj^l ^jLJI 4_qj 

Pa, L 



j) I < 3 _^ « Djq ^ ^9 J cLLdl L 



'^jLJI ol_> 9 Jj_d ^ 9 —^) ^1 &9-i Tm jL^_ 






jXI 



i- j|d_cj oLJ_o_c pLjI Mispriming 

3 >jj j o J_s! djl^> cjL>-jAj J-cl a i II 

LoLr Polymerase ojJg— SJI ^j— il J-d-c a^J^JI j 9 j. dJiJ Primer dimers 

^ 9 j ilJ) J 0 JJ 9 S_I! J cLij J 9 2 _lI a i 1 ? d J * 9 -< fO J X' JLs-aJI (JM-cLi 

f 

Initial denaturation ^ 9 X 1 g_^_ll h $ U > . u a ‘si J j_o 9 Thermal cycler jL^ J ■ 2 », ■: . 

^j_ji (J o_c (j Lc a ■ l o a ^q_i 3 ^ . hjjfy Sdi (J £.Li 2 j 1 IJI 9 aaJLaJI djLII ,J_o_c jl t-> J » 

~ f 

: 4 _jJ ^1 Jj Pa 11 DjJ^-SU) 

I 4 lL^I^JI 4_Jjlj_il luL>j-lJL J_< 3 _£j ^ C-ujlJv Aj < tl 4 _j^L<3_jl_^ lu)j_j^^ "1 

. 1 , \ \ C 4-JgL<j , 11 0 L-Q 9 7 11 4Ljl-0 L 2 J 9 Pa \\\ \ ) 



N^A 



Djl^i-L 4 7 , I Ls-i Pa, xV) I <* Antibodies djL 

jO uiil m -0 lLI Ji jl_9 M_Lo 95 ^1 Djlj_il 4_>jJ J_9j 



^1 m _>^L ^jJ^l -P^Jj 



« 4 -j J 1 * 7 r V I 

f 

. dJi-tJ l_2_a (JjjjL<3-jlJ ^jjXI d, 'i 1 1 d-j 1 a ■ ~>j 1 1 ^ 1 II -iLsadj 
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4 >jA. J 4 jlJI_2_9 ^1 i 3^1 ^L_9 J^Js 4-OjJ §1 4-ti-S-<3 o JI_o_2JLjjj1 -3 

JL< 3 _ 2 JLjjj) , \ 1 Cg < 4JbJI-3-9 s\i tg \\i Jl>4- ■ j Ojljd-I J_3j wry a_3j_2_!) 

> a . k i ig L^jJljl j_c ajX J-d adl ^jI^J Sequencing ^IjjlII aja^-J ^jUaJ) oi-a> Jj_o 
^ ^ •, U jJl—SJ) Conditional mutants a , Uj ni II olj iiaJI Jj_o olj a U oIa^I -4 

f 

. 4L_>Ljj J_»_9 Loljg ^)AJ, \ j ^ j 4J 1 ^1 ^LlJLsJI OjIjD oL>joJL ^l_2_9 jg *\j 1 j £00 

c 

I 2 _jl_o_> I ^_L_L> ^ J cLLdl Jojl_L> oLig ‘N Q 4-9 LT j 4 lO |< 3 _C^I 4-^-Jj lo II jg_$J liJ 

^ ^il O-JlJ) 2 _jl_< 3 _> lo 1 > j -0 4 _H_ 2_9 0 jJg_ 5 LIl J- 0 - 2 -I ^LiJLsJl OjlJJ jg Sjg 

f 

• p°92 j_o ^^-Ld IaJJ-I Dj1j_> 4_>jJ JAh ^ ^ t l—g— I ) 0 J LI J J_ 0 _C t ^ Qg j 

~ f 

4_jljlJLs_ 9 ^JJ^) ol \m 1 <sl g_d>g Lo) Jg^l j 2 Jj_L ioOj o)j_jg_>tJLll j -0 £g-JL_I) 1-Obg 

Conventional 4 oo^Li.lJ 1 4 Jl_>LjjlJ 1 po»Jl ^Loj lo > ^-<3 um Lo lo&g ojljD 4 _>jj j_ 9 j os_> 

(jl ^1 4 J _<3 ? tl pi ljI SLj lo <i \\t 1 7 tl ijl-9 4-^-jj lo tl Lo) . hot start PCR 

Jxj ?i 1 A JU 3 Hot-start and time release PCR I $Ac ^ I loj g OLigJI j9> <;9 p u L o lo nu o 
3 1 < oLoj_<LI Markers oLo—ol^ j-o 4 -LL 9 c J * o ^ jg _> 9 A ; r ^Llo 4 _ 

O^LcI ^ 2 -jlJ 5JJLJ I \ \ < y J J_x_< 3 JlLI ^1 4-LLtJLQ 4-L<3-S-L-Ui-l I DNA 

. Multiplex PCR dj, \ ?il l Dp^-SJI 
(IPCR) Inverse PCR ^SLdl d^s-SJI 

^ ^ L ; /■ d L > ^1 J_LLlII |Q > ^ j-SLI^ i 4 j ^1 * 7 r y I DjJ^-SUI 4-tL-L<3-gJ o)j_J 5 _>tJLll 

. 4 2 -LLJ) ol <jjyL 1 ^-^-J) 0)5 L_> (j — 0 ^ A r 4 -tL-L< 3 _sJI . 4 - 9 ^j_ 2-0 

4 95J-2-L) jq c ( j-LI LI 4 9j_2-o J ^ \w ) l-L^^ Inserts oLpii-o os-^ 4 _ 95 j_ 2 JII 

Colony PCR Dj^g-SJLjjjJll hj3c^J?S J-cUj 

J4 2 J ol jJ_< 3 _ 2 J O JOj_ 2 J 09 J (^Ll 4 _joLLI Lj_LSLJI oIj-< 3 - 2 Jl jJJL ^ ^ 1 £. O^LcLo 

c 

£—uju> plj =-j j! . Genetic transformation ^^ 9 — I! J$_ Ol oLJ_<i_c plj^l J_u> ^ l j9 

f 

DJ^_>I II LjLLI |<3JLj I \ 9g i 4000 JI 5 I (J4-LI OlIoOlII C 7 oII O I j-< 3 -S-OJJL-t I j_C L ^j_>t_jL_LI 

ol — >jJ ^1 jOj — sj 5 1 loMLI J — jJ_>s_jL! J 5 — Loo ^ 04 — > (^ 7 -Lc 4— oLuJ^O O I j_ 0 _ 2 _Ljjo 0 j -0 

. L^Jl-o DNA ^jL-Lolg LLD joloSjl! 4-xJLc 4_jjIj_> 
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jlgJJ 3 4 joL> P^j)^ ? (O-x-O JI_o_ 2 A mL 4 — jj! i ~\ c^l OjJ^-SHl J_cLij ^1 4 A <j C ^j- 4 ~ ^ 

f 

jj^JL ^ lo 7 3 L?-^ o)j_x 3 - 2 JLjjjlI) jl _9 LlUiJ^ L^LU J-iHj O_o_>t_ 9 l l 7 4 lJ 1 4 _jlJ ljg_I I 

. 4a2_oaJ1 04-& L^Lj^L> i~ 4 ^ 7 tl ^^-jlJI O 1 j-^-SJLjjjl- 1 1 jg SJ xdL<3_>t_^_JL ) ^-Ia a I 1 JA— ^1 



£\Jlj mJl J Lo OaJ so JjI sjj^ ^ 1 C 4_ 



In situ PCR ^ 2 t>»j 1 1 hj ~'q SI ^ ( J_cL&j 

uWl 9 I LAIAI >!, ^jJLj J_cLij 

4 2 _> RNA ^ 1 C J-JJJ Ll^Q j-L-C J-SLjjju^ DNA ^^-Lc J_5JJ Ll -0 J ‘N \\) J J^JL) j I Q ^ <Tg < d_ U - > L>j-1 1 

. DNA ^1 ^ "i *C ■o 11 d 3 t_uii 

f 

ol JL_ 0 _SU ) ^9 oljq_x 2jJ) Sj Q-jl_> 1 ^ ~ j I A J ^9 (jolj-0^1 j_C t i tl 4 _u-u_^_l!I A-i—iJg 

f f 

A jHgi 4_x mLsjj^l 4 _j>» mi^l ^1 Lj^LaU j -0 OjH 2. so oI_ 2 _o_£- ^ I £. Aj a /\ )aa> 0 jq_ 2 _so 

f f 

Q-u — sjj ^Ijg^ — m ^1 ^LjLJS^ j 5 — LaJlJI 4 3 t lo ) — Sj jolj — 0*1 7 ) lLUj^ 4 jolj-0^1 

^Iojlo^I 4_JL_>-Lj j -0 4JI_2_9 j^_C (j§-Sj 4->^ L< 3_^9 Lj^LaU 04-& Jji -09 ♦ bj-Jj— ^ *^> 00)9 ^ ; n^i 7 1 

jo I 2 -o 3^1 ^1 ojj^ SHI o^LcI clj ^ I q-ljx ^ ^ tl (Jj-Ia . Transcription 

f f f 

4 Cg_ 0_^0 j 0 ^La 95 jJI JO- 0 I 9 il Jj_C ♦ (J-^J-II O^A-> pLij) jJLlLI (J^-il jL^I^ j^-»- 2 JlJI 

4_3t mi 5 >) J jJ_ 9 J4-2-J ^-_mi ^ I £. (^-^1 ^^^1 0 4_Cg_0A^0 §1 L^Lil 

. \^A 7 II £Li)gi j_C >, Q \\) *\ tl ^ « OjJ^JL!) J_cLij 4— u-u-i_LJ ^j_3t_AiAJ (o4A>l^ 

4 A ; a 3 n\ m (ISH) In situ hybridization u ? v ogll t t l ^lJU- ^ i q 

4 jl-cLJLI^ 4_Jg_Lil pi jl_o_jl_SHI JjI mgj I ^-ilj-sj A 2 _J 4_Jj^l JgLuLO ^_I_C Aj^gjHI jimol^-il 

J_9g-0 AjaJ 4-cLmj i^JHI 4_jg_Lil O Lo_ 5JJ 1 I j_C c i m-SHL 4 _aJlj2jlJ 1 04-^ ^ o m j lLUaj^ 
j -0 j^aLa^ ^gi ^ Jj -0 b^LH-l j -0 J^3_>^0 ^ -^-^ 9 -^ ^-jHI b^L-> ^ 4 -jljl-S-Q oLo-ajjI^ 5 ) oLJIgj 

RNA Q-i >t^_i SJ Ia-H DNA ol JlgiLi m-HI J4— c 4 _j j^a— ^ IjJaj ^ . ^aaHI ^1 dDiAiiXI 

f 

. DNA J>c uiA SJI j -0 4_ojj Lm_> jJ-S^ I 

f 

pl^ m < 4 jljJJLI L)MjM J >)-) J,\ >uQ l-Q,\ s^J ^q-O-Q OjJ^-SHI O^LcLiJ 4JI_> Lol 

l_q^j_1aJI A jO-JZJ AO J- 0 I 3 -C 04— 2a 0 JA— >t ^0 4_J_o_2_Jl ^jg Sjg j * /> ju r ^1 j_jjjL -0 J-Soalj 

J cLii ^-3l§ ^jl JjulJ^I O LJ_o_c i ‘ l l , '\ S 'g ojJjAJI ^1 d^LA ^ jJjj ^jjJ) J-^l-s 

f f 

PCR ^LI>l jlJ 4 LA LAI d_ Jj j — 0 J§ 1^1 4^j_2JL_mJll oLi^^l Qg SJ lLUaJ 4A>t juL)^ . OjJ^-SHI 

. OjLazJI ^Ul lo N \ > g ? I g_d >9 JjLoj Ia \\)g j -0 VO jg SJ ^4-11 ^AjlI^jJI 



(ISS PCR) InterSequence-Specific PCR idslJ oUlgJI o^g^ o^Ui 

1^0 5 u>aj I ^ * q j<qA ) il DNA fingerprinting 4 ljIj^JI 4_o ji 

Simple sequence repeat aU^ u> > 0LJI9J ^ a v^lgJI oljj_SLl) Jj-o iaJI J.LLII 
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\^A * 



(SSR) 



ljlJJ 4 o_5^Lo 4-L-JJJg j^-Sj^ < 4 -< 3 -> vo 11 ^lo G 1 I ^LjljIj^JI 4_o_j^ 

f 

L^-ol-L3tJi jjj) j_ C ^1 s*b_9 « 0)9 l!) 4 JLj)-lJ L-J^U- J Lo pl Jl^^I 4jl L^_ 



Alll — oLuLAj ^ p^J^JL-Uijg < 4 <jJL I pL_>AU ^ * * 41 q 1 II * St Li-I-ll 

. PCR 



Long PCR 4-Lg lo 1) djJj-SUI o^LcLaJ 

c 

>1 ol ^jjL d 4 cLi 400 ^ voi L7 iJl Klenow 4 v lo q L^-s aJLj- 

c 

10 ^ Sj djI D4 c\J$LS 5 j o j LSI I DNA j o ^ lo q l^jl! 

ol Cj -ij JL< 3 _ 2 Jl jjjI J Lo ol^Ll>^l 4.JL41 0 -L.& < rv \ r I Cj L S 

pLjlj ^ Lc. 4 Jj UJI L^J L;r ^JI oUptfl j-o o>L 9 I Pfu polymerase J_Lo 4-1*4 L- Aj 'i g *\ 

Top 9 TLA polymerase g HF polymerase J_Lo o^-cLig-L^ 5 j-o jLs) DNA ^ L a 

f 

DNA j o 4 L 3 lo II ^ lo L-Il i2l j ^ d-^-LJI oIa ajl^j 9 polymerase 

. 4 <3 1 g j—O 4 J >1 , ~ r yi t-~> 11 jjCjJu X ~ Hg oLu-il £ LlJ jJ_L4 4_4-Ll-^Q 

Methylation specific PCR aJLuU.) j LI . tl hy$S J_cUj 

J jLO J LlU ol /> 4_dl 1*4 j I ^ ■ 4 J \. a V ^ II LI _lL ) ^-JL->t \>\ 7 t J q V 7 un 4^_Jj_L^ 

4 jjjl_jjjL_il ol <jj^l JL^-2 -ljjjI j-o (gDNA) DNA CpGjj_> j^a » s^lll 

^iJ) Na-bisulfite djLt L^UJI DNA J- 0 L 2 J . JjlIII 4 r g o->^o 

Jl j — 0 (J ^-9 3 (<3^4 ^ ♦ (J 4 — ^Ijg 4 ^1 (J-L-ll j -0 4_iJLil Q-LJjJ^JLjLjLkjJI 

^ I £. 4_j^Lil (^->^1^ JjlIII C 7 _Lc 445 LJ-I j^_C olLjyJ-l p ^ a 2 ^-J 

. OjJ^-SUl o^LcLiJ J-L^ ^ < J-L-ll 



Multiplex PCR j.\ ?t1) SjJ^-SUI J-cUj 

f 

4-jLL ljL q DNA ^lo P ^l-L^ 4^)5 J_cLij j_o j-L^I ^jl3t \ol 4_jl JuilJI Q4-gl ^ 

oUlgi jl 9 l oLlJ-I j_c ^Lcg_<u>wo t— al.\ ^ •; \\J) 4 < 7 1 •; A o aLllgii Li- 1 4_4_L jl^o ^L>t_>Lj 

^ / p 

J_SJ j^>L> JL)_2 j_ujI J. \>> ^ jg 4 4 r) r) \A 

A> " ll 9 ^j| j J_^ oL>j-Lj l * r M 7 tl 

pi lory 4 LLljLq ^ol >t->Lj (j§-Sj jl 4 ^-^^ J_cLij ^ J *\ \u > J_o_sJ 

f 

J I ^ Li j 4 _Ll Sjjg ^1 (JLj-SJi uj! 4 LC gl fM^JI *S II Air 4_>_!L4lg ^>>4^ 

• liA 1 

f 

_Lc 4 i ihv i j L I ; a 41 -LA-t? j' -^'9 t5 J ^ j-^4 jL^^I 0^-24 ,_4 g 



Multiplex ligation - dependent probe JU?. uJ aJL> 4 4 h 3 JII Lil^XI 
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^ II cj)j^ >-o y ~.f j *C / • ^LlILj (MLPA) amplification 

. Microsatellites SNPs JJj- ^ J-o. -S-L-mjg <.J -UL-L.il DjJ^-SU) 

Nested PCR a.\ a > 7 tl p * ^ ^ 

C uuJ) j— 0 4 f LJ) 4 jL_jilil J <i I Q ") ^ -L.C.I mi DNA pi jl 5* uu A A ^ r 

J_<j_2Z_a mj j SLt^ 4jjL_LC^ 1 QjJg ^ II 4 ^ j>j— 4_\_ sliJ 4 <3 j>j to tig . DNA oUbj-i- vo >JL-ll 

: j-ug Ia >> (J^-Lc (J9-S1 j9 Lo 4 7 g> Jj ) ^ ; t ^jI^-J) j-0 I ^ 

4 jl ^ i 1 1 1 Qa ^ I mJJ J^-L^Jl ^-UL-iJ DNA 4 _LjJ_> 4Jljl_S_ 0 4 7 Q p > n v>> j -1 

(■ 

dUi — < ^9^1 ^9 — Ljlj^I ^ L^_cjl3t pr ^la. aIqJlII j o ^ jJL) 4 ^-L^Jl-O pi * ->t auJ -2 

** f 

. 0 °\ L-Q,\ \ \M 11 ^l^jJ) (^9^1 Dt) Ia j-1 ^ Lf J Q 1 p3-U* vh ^ t 1 ^LjI^J j9 Sj 

c c 

Sj j) -UL.\_i jjjJL) j <1 Q < pi L^_>) J < 3 _$- 4 3 ^ 3 ^) Dg Ia 41 ^ ^Gl^jJl lIjljL^ jl_9 lLU-LI 

. 1,\ > 4 >4Lo pq_i3t_j*bJ 4 11 I <1 C D,\ a \ 7 tl p5_i3t_j^4J jr) *\j (.Lj^ < 4_jljI_LI 1 Dg Ia 41 

. (4 J *\ \\t) ^LJl J ^ su tL 4-> \^Ag^Q 4 -i-L<3-2J 1 g 
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— Jl 3 ^ 9 ^) ^ < 4 1 vA 1 ,0 ^ \ \ I <3 C ^1 ^LJ> 4-^-Jj 1a 11 jl J *\ \\) tl j -0 g ^ Jg 

ip_»Jj_J 4 jjLJ) ^Jg-JI 4 Cg < 3 — >uQg < 4-9, \ 1 \\\ 11 DNA 4 7 1a 9 ^1 (^ 9 ^) 4 Cg < 3 -^l) 

f 

4 g-lp a tl ^M3r a 2 pj ^g_Lj ^ < Dj^j 30—20 j f3-> a 2 pj ^^dJlg ^ 9 ^) Qg 1 a U £G)gj ^1 

JoLjj^ llUL^ j^_Sj j) ^ llU-LJ ( £j 9 -} 25 — 15 j ^ 9 ^) pg L p ^1 ^Glgj j-o) 

< 4 7 t I jj r ^jlgjLJl^ OgUl j-0 g_U-l 4 * I o 7 tl ( j_<a_*2pJ 1 -Lj^ 4 \^ \^ A 7 -II Ji-c- t 5 J * 9 ^* 

d b j c ^—jy>- 5 ) J old Jd—sIjLj ,_o.b-£- djiiLiJ! iLc^-odl JaL»Jjl j-sl^-o j 5 _S J ^jl J >>» o. jg 

f 

^ lLl — A_^ I — ^jLjl >1 ^jjl_ j jl 9 3' l^j — L pJl ^ jJLj jl J c jg J-cLajJl ^ 4_L<3 -s-l-ujJJ 

. P4^J2_L2_!) ^ ^ \>> I J t5 J *9^* p jl 4 1 1 4_j*pL> £yo)jd j_9gjL35 . ^J^_J) luL>^Jj -0 Qg-Sj 

f 

^ jg Sj C7 ^Jl3 4_Ljg_Lp_ 1 1 DNA g_Lp q ^ v >> 3 ^^9 )-^_> £y>l_j pp^jlsJI ^ ^ ^ jg ^10 

.j_L^JI 9 j. i I /jig 4_9j_2_-0 ^1 j-SJg 4 -JpLsJI ^ 2) )j tl 4 _jl_Lj 1_9 j _^0 

f 

100 j o J_ 9 ) J_ Lo £ m_J! a_LLi , al \ «»VI ^)-JL3r 1 C7 3 J-' 3 - 2 ' JL-uij J 1 0-^9 

f f 

. jg_>) j_C ^Lj2p_9 oLl_< 3 _SLI 1 PjJ^-SUI plj->j \ < c lIU-LS^ 4 l 3 t_ 5 L 5 JLJ 

J_j4 »J 5 ) j§-^j 4 _v.vl-^J J-cLLiil -Lp_J_> ^ op^JLt— aJl |<3 _x3i_52pJ 4-\_L<3- d: ^j_Lj j 1 0^:9 

Jl ^ 4-4 ^ I j ^1 PjL_ jj -Lpj_jjj ^ I £. pn * ^ ^ " f I ^ " I ^ Q-u J-cl-^Llil oLi^-Sl-O 

P^Lcl J-S'j L< 3 _^ dLL_>jLi)^ 4 -i-L^ I dJ ! ^j)^_»Jl ( J-U ^l^Jj^l 5 ) ^jLJJ ^yliJ) L— L-uJ X-J 

4 — ajLlII p^ — L pjt) ^jL j ^ 3 _ 4 — ti q Seminested PCR 4 — jLls-U 4-j^JJJ d) iJU ^5 

Loo lc 5' 9 ) 3' dj LdJ pI^—sjj (cDNA ojLc j 9 ^d( 9 ) . a \ ^ ~ 441 1 1 ^I^jlJI oLL^j 

Rapid amplification of cDNA ends dJL> ^ Lod Gene walking jd-l j^_uj ajoJ- olj_> 

. (RACE) 



(rt PCR) Reverse transcription PCR ^ ^ >»; tl ojJjd o^LcLij 

L 7 _sjjd_ 2 _l! g_ lul.'JI i^jjL cDNA ^1 j;<_>-XI dJd RNA ^-o (J-oLsoJI djLsJ J <j s i m 

f 

J—cLaJ ^ 9^1 i ^ r il^ r o ^1 j) j_5Jr J^U-JLi Reverse transcriptase 

^1 Lp > ~'j j ^iJl^ ^jL_^ Oligo dT J L< 3 _ 2 jljjj L DNA mRNA |< 3 -id 4-u-sg 
t ig mRNA 4 ^_jj_p>- j-o 3 ' UTR ^lLL^J) ^ ^ ^ U ; 1 1 ^ pj^gl) 3’ poly A 

vvi <^tl ^ uili) ^ I c LgL> Lp jl I ^-1 jg Sdg oLljyJ*) P-Lj^ |<3_kpJL-0 PJg_>g-0 jg_S J 



C7 



L7^'9-^ L7^ ^-H^ 2 

r 3 - 



r 3 ^— ’9 cr- 



d^ 



ujulJ) j |< 3^-3 P-Lj^g dNTPs 9 

^-iJ) RNase H 4 _qI voj |< 3 ^lj llUj a_s_j . ^ °37 4 _cLjjj 



. RNA-cDNA luL>9Jj_-o j-o RNA ^lLLj (4^9 RNA 

PjJg-SJl J-cLij O Ll-L<3_2_j J_L<3JlJ 9 ^yljJ) Jp_Jj_p 1 lJ 1 J_cLij ^ t I r ^g_L_Lp_j ^4^)9 ^yljJ) J-cL^-lilg 

-Lpjj— \AJi - 1 1 Jg _ >^lj U4^j 9 (DNA polymerase) DNA ^jjjg p^jlgj ^1 L;r ^Jl 
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o — > ^1 ol — *-jq *\ II J — joj j) ^1 Dj jg — SLJ 1 a — \\ o c ^1 (cDNA) 

Djjl l!) RNA ol Ljj_> j C l_<2 NU S' II ^^9 1 . \ > D,\ tl Q 4 Oj E tig LC l_<2 \\\ ST j S <f 

oLjlSLo pLo L^J J q S 1 J DNA J-SEl ^ I c RNA oLJlgj 4_jg_LS ocLsLjjLjg 

u-sjlJ) oL^jljjjl-o J^otojjLjg LALU I ^ ; r ^ 1 1 oLloJJ mRNA 0LJI3J 4 ogLM cDNA 

.oloog^Jl gl RNA ujuq ^ I c 

c 

Expression profiling ^ ?;I 1 ^ su > oooA Jl^ 00c joIjJA oio> ?; u ng 

j_slg-o gl Transcription po j J^L^j 4_9j_2JL RNA ^ojjlj ^Igj -oaj>- LilioSg 

ol 3gjJLj^lg olog out SVI jilg^O AjaJ>- j_SL<f j^JIgo 4-9j-2-0 4_JI_> ^^ig < ^LjjloAI pL^oj 

JLo-SJi solo j S 0 « 9 ^ LujlIj ^ 1 PAj J_ 9 g _-0 ^1 jOJJU ) 5 c Qj E H 4_9j_ 2-0 4 _JI_> ^^ig < 4_\_9 

p 

d^Lc) ogg-SoJU RACE 4 oLjj_Lo j-o I^JIjJlg 

^ Cjl )\S g Ig > E > Qjj_2_ \Q ^jE* ^ mRNA ol t <3 ^ AjA_>OlI ^LOj E 11 J-<3-gJ— JJJLJg 

f 

4 _jl ujI—AlAI ■ ~ ■ ■ *>• j 0 (j2Dj_2_J) I A_^J SJLqSJl 1 1 oLlOl ( j_0 J >>> ol d_J_> 

^ J_o_2j_m3 dJiOg RNase protection assay . Northern blot analysis J_Lo 
. JUlI! J ,, n , d—^cLII aO*AL a joEU o Li_u.i I J_Lo ^ ; 1 4.1 t ^ 7 tl j ni i aj^j> 

p ~ p 

pi jji a 1 1 1 4-1 a I Ojg-il Lj^L 4 -I a_S^_> aja^-^ j-^ ■ >» ~ 1 1 ^ < a a ij b. I ! J ^ ^ 7 m 

. Metastasis oLijjXI o^LL 



(RAPD) Random Amplified Polymorphic DNA y d 3 a, ■» tl <1 1 J_cLij 

J_c_2j_al 3 . (AP- PCR) Arbitrarily primed PCR I >>>/ l ^ . I c. j I U , opj-S' J-cUa 
\ qj . DNA a ijj_> da c p aa a jl j ‘C /• ^ "■ II/) q a . dj a< r a . q 

c ** f 

ol lsjIjaJJ a a oLokaO jolj J_<3-2 Jl mj ^0 II 0L3--0I9-II j-0 1 J OC JO gjoj j_ 5 Lol 

A — C.I9-S 10 -^9-^ — 4 -L< 3 _ 2 _i uiil ^50 — »J 1 Jg — Lo jg — So . ^_>g-JgoL-J| Joiov j_<j_L2 

a LLolg ^1 >oJl Djlj > ol_>jo j j^-og DNA j o ^Ij-cgoLiJIo 0L4S ^ ig djLsJI 

pgoA *^^1 AjL-OgjAJ L^OLjLj-OOOg 1^1 Q jL^Lo^lo ^LOO ^^JL-Jlg DjJg_SUl J_cLlJ JEq_2JLjjjIo 



(j— 0 ^ 4 - 5)9 ^ E Q ^J-Ot JoAjlJ 4-0jI JO C o9gj-lb oJ>- DjOg-SUl ^ JL 1 o £. f^M^9 

p 

I ol 4 J jouLO |Oj > J_ojgJ j £ E 1 LJljl_> I yi 7 i j-0 4_Oj^JI ^Igo^l jE lLUaJ « pgO> 

. 5 J *\ \\) II j ^ E J 1_0_S^ QAjl-So P l 7 -E. 4_Jgl_> jg-SE^ I ^ \^i? l j_C 0 Ajl-S— yJI 
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4-jJ lg \\> 7 II QjJg T1 luM_cL^J j-^Q j ^ to 1 ^JjlJI ^ <T : 5 J *\ \u 



^1 ^1 l_£-g ^1 sJI I ^_>U>g I ^ I tg ^ mJ g <3> ^LjjLsJI OjJg_SL!l 4 0 j^-La JI_<3_2JLjjj 1 £g_x_jjj j) 

^ 4-^Lu->^0 g_slg_-0 ^3->r j) j-SLr 4-jJlg \u 7 tl ^j)g_»J) J L<3_2 _Ljjj L j_5LJg < ^IgjJL 4_Qj_2_-0 



4_Qj_2_-0 ^1 ^LlJs ^ 4— ^-LuJ^O j2^)j_C^ J_<3_2JLjjjlj oLo_uj)g j-jg In \ t CJ,\ D-Lj5>g DNA 

f 

. DNA j_-0 4 1 "\ >^Q ( J— mi C7 _Lc Jg—j^uU j_SLol Djj <3 II ^j)g_Jl JLxj-SJ— iuLg . ^IgJLil 

(■ 

4 <iJ_L3tJJ ol Jlg^-Il o)j ^£jlg Jl (jl S DjJg SUI oljgJ fl LjI 4_<aj^L 11 ^l_>tJLl^l 4_>jJ A * r g 

DA4) CjlJ LTIil g-I^ Q ^JLjLjg L^J 4 _Lo_5JU l^LUI oLJlgJ j_-0 4-^-LL->U) g_slg^O ^1 

Q-i j ^iIa t ~ig t I *Cg t ; tl l_Q^L >^lg . 4_9 1 uiij j— 0 p * ^ 7 1 1 j o v>> g_9lgJJ 

g_slg-0 l_Q^La ell Jig I_^_jL_C gl ^j_^U jg ^ Ia ^1 ^jgJLjjj l_jlJLl11 DNA g_L^_S 4 C g < 3 — >uQ 

. ^jlg-Jl J^LjjI 

DA j_^Og L^J_LaI uju g lj__lhJ D^J ^ oLj2jljl_LaJ 4_jlj I g_AAJL_2_J I DjJg_SUl 4 -i_L< 3_3_I g 

Southern blotting oL^ljj ^ Ns >lg < 4 » ; » f l g-j^g oL^IajJI 



Sequence tag sites o^_a_ 



^ n % 






Ia h 






> ^ > 1 4 Q ) 



J 



7 \ \i 



9 • ,^-oq i < ^-1 DNA. 
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t-!l »— <3 kA_i ^I^JlJ! a_3j_2_I. d—’L.uLo aL>L- lIIL-A aJLU OA_ib P9 (STS) 

,4J 

4 O /j 1 1 CjI a vA II J>> ? ■ ' a_9^l_2_l) CjI j oLc—ujI^JI AjaJs- ,j -0 4 ■ ‘ I 9 \\I ^ 11 Aj "19 < 11 . " ■ •. *C a aJSo 

. i I >-1-1 a I ol_£ 4 _LdjL> ^ pi a_>U-l j 
oLsj-ai) 0 ^i? ; >_JL> Population genetics and evolution pi a, ? 1 1 aj| j9 ^9 



jLM 



Crlr 









O^Cl Jl!J d-jjl^—Ui 



_S_1I Aj p <11 d-fl-Jj-Lp ^j_SJ 9 . L-jjlp-l I \ jJ L p 

2_o ,_5-3 o pi j S_I 9 DNA ^gj— 'uu -o P-c. l7 _>!j 9 J) j-iL g - i il JjlL^J a L \ m i ^j—Lp oj_s 99 

f 

4 jL<2-0 4 9A.11 J-Jl-Lq cALJtfl JJjJ jj Sp )iH OAjLaH) oLo—aI^H) ^ AcAgJ 4LJ>0 LlJ j^£ lLUj^ 

li-H 9 (RFLP) Restriction fragment length polymorphism ^p-o J^LaJL* 

jl j_C M ^ Q . ^jLojH) JA.C J>> 7 ) Q-LJJJL-^ 4 _jlJ 1 ) OjJ^-SH) l 1 jl_>L _>1 

— alGJ — HI JL-O-SJi — a) j — O J — ^ In 1 dL-UJL^jj L^J C7 ^Jl3 ^ULLl^JII 

c 

jIj si a 9j_2-0 J-Sl al- 0 JHs j) j *\ <f ^^-jHI^ 0j-u_S^ Q,\ 7 Q 4 -jljI d lD LL^ pi c^L^I 

f 

. gaa-LaII j_c I g ajj-d 5 g 0j_j>L^HI a^H^HI ^^jHI 

prol Ulj L^-p-i-ca ~i a 2 -i I cj, i_i_jl 9 a jjy LpjlJI luI ujIjpJI p> a_a_)j_LpJ( J q 2 ~ ujJ 9 

J_c_2j_m3 9 . RFLP 5 Isoenzymes JLo_2ja_ujI .‘IK p dj^ .>aJj ^ t t ; \x> 7 Jl oLJjpJ! 

t c c f 

O^LcI aJq . Jl >) li ^ ^ O^lj j-0 L*^-C9 4 _jljLlJ-I 4 ^_Jj_LaJI 

c 

j— 0 j9 SLj clJJ-iJ 4 — jj! <i 7 C ^1 SHI O^LcI aJ 4-u - uj j-a-S^ I 4-Hlt) \\t 7 tl DjJ^_SHI 

$J 4 95 4JS-L2J) ^ 4_JAiL>- Dj_0 Jj£ ^ 4 ^_jI_LaJL 0 ^Hl^ ^j-Lc Jt) 4^| 4-Jt) 7 vn tl 

p * tl ^ tl DNAj_x_Sjj jl j c M q A-x— >• jhl-c l-JUJI DNA j^-S^ 9I ^^l^-JI j-o aj^lj 

• pp-l (J^- 2 -? J 9^9 9) '-’M- li- 5 ^ j* o-^- 

(■ 

jl j *\ C I ^->Ls lLU-LI DNA j-o 4 7 Pa 9 ^1 |<3-3r a2aj j) j-SLr 4-Hlt) \\t 7 tl 4-AJj tl jl L<* 3 

DNA ^il ^^9 4 LlLaaII pi ^->^1 9I oLI 5Ai^l ^1 05 LJI j— o ^y^l DNA 



_ 5 ^AJ 



DNA ol 03 -Ldl jl_ 2 p^ 4-0 4-AjLiJI 4 jLl2_J) AjljL^ Lldij 4 -Lq_S_ 

— UJL-SJI 4 AJj-LaJI ^^1 At— < 

f 

oLiLSLoXI pp a \ r \ •. r p,\ 1 jj o j 9 Sj L^jI ^1 I a »i Ci 



II luI c—ujlpl^ a , il 9 \u ^ li a_ajppJI ^ 9 I uj_4 j a ^cpi j 9 . a_i_>jL>jjl a ( j_ ^ 



(qPCR) Quantitative PCR a , 0 <tl sp^AJI 
9 . RT-QPCR . QRT-PCR . RT-PCR . RQ-PCR a oL^a I ^ I L, 

^1 ) Real Time - PCR ^yVl Ojj^ — SHI ^Gl^-j ^yj\ < a t 4 — Ajj-LaJI J_o_2JL_alj 
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J_o-2j cDNA g) RNA g) DNA ol Lp- pap) oLu^ L^_jjjL_q g_& I $ \ q J q^lg 

J_<3_2J — JJJLJ j) j — SL<*g . <a 3 * — uii J-L_Cg ^Jg-O-jJ) )jg-J>g_-0 (J^- 2-0 pig -3 jL^ |j| L<3 _jl£ 4 _ 9 j_ 2 JI 

. LaljI^JTj L<P Reverse transcriptase PCR u i^SLsJ l Dpg_ 5 T 



a ^_jj_L^ g- ^ 



. a-ApzJlg DjjLlJI DNA ol_Ljj_> oLJlgJ pn 4 ■>■ a 2 aj ^>^-11 J-q ? ■ "’> 9 



Single cell PCR ajjAl) a < I il J-cUj 

c 

d-^-sJ) d-^ulj^JI dig — II a_JL> ^ LdA !dc>- d- L -UJI Li)d_a>XI ^Pl3t VA~t pi 4-^-Jj lo tl A_a_2J 

cj[ j_a_5d) da & j. o J o I s_ A_1 ? a ojMJl olplj_>pl aa>iJlj I ^ \ ; r g , oj^aL-o a_J_> ojg_>g_tl 

JL<3_2Ji jjjL ^pljp) J_P>AlH joJLj j) OJ^gJ) J_»_9 ^j^5_>tA2J) 4^Jj_LaJ) J_<3_2JLjjjlj . 4-L-L^Jl 

j ^1 ^1 CA_9gJ) ^^g ♦ JLLt) J-jlj-JJJ ^ I £. 4_jlJaJlJI) 4_jj)jp) oL)j_La_a2^^I AjA^>tJLl Q-Up) L^L> 

. OJpJJ L^UtU J-oLSU) ^^JljA>JJ 4_J^aL> JA_C j_QgJLj 



Solid - phase PCR ^1 ^>11 j9 _k Jl cpg_£ J-cUj 

i-U^llgi. -5 ^aL> ^g-L^—UJ ^ 1 £. A^jLJL_aj jg SJ ^^jlJI ^dg-J) f*3 * 0 ^ 7 ; aJLU DAa^ 

~c 

J cl ^ i II jg Sj 'd_>5 . dJLLaj !<cjlj Lfrd-s_jg d \ 1 <3 d duJlj DMA. A I \ 

dH Lsj a_clj P ^l_Lo a_o_^-o ol a 1 \ to "> aJ>* )-L^ j-o j-5dg o 1 a^JLii 1 j-o £gJ 

J_a_2j jjjlj llU,\ p < a jla^j-SLjJL) ol \rOj_aJLl j_c >, q \X\ *\ tl (DNA chips) DNA 

f 

dJJd ^ i 1 4-1 jj i 7 *; Tig Genotyping ^ i > 4-1 G . q ; 2 II d_sjj)jjg . ^jislj-dXI ^ 

9 I Nonsense mutations a jg Sj d_s ^^cJI olj al^ll ^Lc Lij_2_dl ^ J_o sj. ur> 
oXLj-2jc_uJ ^d-^> dj gj jLSAXL j9_Sd d_9 9 . Missense mutations dJ_L>LAI .-'l ; a U t l 

. d_>U-i jys^ d_cjj_LdJI odd& 

Thermal asymmetric interlaced PCR d-^ljJ-l s J K I -, 7 T I jy_t hy ^ <1 1 a 

(TAIL PCR) 

^Jlgj Flanking 9! F* ■ ^-^-11 d_9^j_2_LI jlc. ( j-LdL_ll jd, \ a ig (Jj- 5 -! J d ^ ~ mj a 

j-SL^g . a_aJj-jk>0 ^l_>tJLl) D-L^JLsJ) P^jlgA ^j_-0 ^l^jl ^-^cLajl^ Lliijg L_ 9 gj_ 2-0 

f 

j—o ^>3-1 oL^Ipl ^-LaLu) Degenerated primers a n ^ 1 1 JU_s_ljjj 1 

. L^gj-sJllj^-C pigjJ) 
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(TD-PCR) Touchdown PCR t l 5^ 

Step ^ q j 4 _jL ua-o L±ILa> 9 Annealing cjL>jaj Cj ■ ^ II Ll& ^ 

j 9 d ^ jb _>^1 ? > I^jLqIjJ C7 ^Jl3 ^j^U-dl Djj^-SUl o^LcLiJ J-^9 * down PCR 

A A> 7 II ^ -l-^l c^-HS- 5 cn^ 4 J.L >9 ^ A> 7 gj)$J 

Djij — > a — >jj j — o j — 9I9) ^ — mi 4 — j — o ^ — Lei ^Lmi Djij_> oL>jj jLj- sj — lu L ^->9 

0 > ^<3_jLj DjLc) J_sl 9I D-L_>l^ 4 _>jJ Ojlj-jU t ^ ^j-SLJll olj^-iJI ^ < (jl^-J^LJ^I 

- 4 — >jj ^1 J5 — ^9-Jl j^-^L ( Dj^j J — 5J ^L-j^-Lo 4 — >j-> ». — ii — J-iJLr oJj-jU 



^1 DjI 

^ mmxi Sji 
PCR 



** ^ \ 

4 >jj (j2^ bL_>)9 ) 4_ii_>^LJ) olj^mi J_ 5 LI 4JLjb ^ ^ ^iJl9 4 -)_ ujLJLI 

f 

^ <3 ^ I C J 9 j^_>JJ hj4 >^1 J ujl-sJI olj^J ^9 4_» jjjLJLI Ojlj-il j -0 j-sl 

j_c 4 j^_jCj_LI DNA ol Ljj_> j— o saju J- 43 - 2 -? o vn 3 lLU-LJ . 



olj^-s II ^ Is <i_9 I ^?o ^LoLSj jJlS^I DNA ( j_L^Llut i^Ljjm p^jI^-JJ ^Lq_jjjJI ^_j_Ls 

f 

. 0 ^ 9 -SJI J_cLij j_o ^ 9 ^) 

j 3 <'i ojlj^- jL Touchdown PCR j_c '_a_L_>jL 9 Step down PCR Lol 

f c 

j 2 s dS* I J 9 LlJ>j.aJ j>> ^ ^ ^£9 ^ 9 ^) olj^-idl ^^9 4-u- ujLJLI fL^dXI 4jlj_> j-o ^ I c I 9 4JLjb 

. Djj^-Sbl J_cbij J Q ~ ^_jl_> 4^i_>^U| olj^-iJJ 4_J^_lJll oL>j-lJI j -0 Ij4^C Dj_5JjLl-0 

J cbj-lJ ^Lt-ll L-Qgj lo II 4-0j^LJI 4^1^ tig 1 ^ ^ ^1$ (j^Oj-II J-v-bU-J 4 _^_Jj lo II D-Lj^ g-ii-lj 

. D-L_>l 5 _J D 9 lo ^ 4 ^j|_jjjlJ| O Ll-L<]_ 2 _! I j lLljl-> « DjJ^-SLII 

f f 

4 d_o_ 2 _J ^ h II l^ 3 j IhJI jl 4 l_Lol ^1 ^ <3> I o 4 OJj II jl D^l cl U* ^ 7 jg 



? bl JU 



.SJLjjj ! 









>->— ^-JL 



L^J-(_C ^1 ^ 1 9_JL I j-0 ^uLLL->^0 j-jL-S^ljJg DJ-L-2. 

f f 

L 4 ti Cg^l j-0 Djj-S— 4 C 9 <3— >uQ 9I -^_>l^ pl_C9 5I l_j^_»J| ^ jLSLo^b jg Sb < ^jl^JJI j^O 

. 4 ^ l oLLI Amplicons oU> j_^> I s mj 1 U I I c q a ^ t l ^ : ^ ^ 7 1 oMcUjJI 



. e L 5jl9_JI oLv^jj-o j_J9_Sj9 

f 

4-u-QL-SJ-U o) j 9 4J) ^mJLi^l 4 I \^9 j9 Sj lLljl-^ oI j9 4JI 4_>^0j_j ^jJLj ^ilj-L_il Dj_^_>^l 

^1 L_$^j4J j>> ^ ^ i jl^ ^ 3^1 4->jJ (J-^9 L^jLuL>I |<34lJ I 4 J 9 < ^Ljjlj_> oL>j- 1 j ^jJLj 

f 

j-0 ^9^1 oM-cLLiJI jl jLo ^q_Lj iJLM < ^Lm^l 4jlj_> j-0 j-sl ^1 J jl 

jIjJII l_q,\ ^ II i;r -b- 2 J (^lil ^1 bJLc J-oLSjlJI I ^ \ q jg Sb (^-eil c_ > M_c bLi-l I j-u ^jjlj ^L^jlI^I 

f 

(j Sd ■*> i 1 1 j^-£. |dl_>«_lJX) ^-^—uaJ ^9 Oj9_>-XI Cj)j9^d) ^^9 Ojlj_^-l Clg . ^ q . ->. \>> 

J 4 3iJlII j * — c O^LcI — < 2 JL_!) jl r ^ ^ JUlS ^1 ^j. 3t_s*bJ 4^9 l- 9,\ II j 9 *N > U,\ i r 

f 

. 7 II L-9,\ II I £ \ 7 It ^9 \u Dj-L_>^| ol^l 
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IU 0^1 olj^-J) ^ j^A N^A >JlI1 jUL JJl-0 $-£> 4^Jj_L^J 1 j-0 jiSj-S-J) jl Lc 3 

f f 

Hot- start 4Jl_>LsjjlJI p-l_J) a-JLjJo ^1 a-JLc 4_jj)j_> oL>j-ij p-l_J1 J nJa qX) j-o 

. ^ J_5Ljjjlj hj SJ1 J_cLij j-o ajJ_j I a aa a PCR 

^j| Jl j-i j Identity ^j-jLL^jlJI a_9j_ 2-0 a ; r d-JLs o)j L^g. * ^ 11 a-JLj-L^ jg_Sj ^ 

< a juuuo*) j^-ol^-jU oLJlgJ ^^J-C jLqJLC^L N^A ") |<3JLj Lq,\ t C 4_J^ U^JLlH 9 

4 jl_9 I <r d^A^i iijJ.1 <4 sJa^JJ jL^ k^jXI oU-jj J-uLflj ^1 l-La> JjLLjJI ^4— s_q 

i*> W JL X3_2_i jjj) j UlL-lJ a ^-Jj Ia tl jl 9 ilJLJljg . 1 ^ t 9 JHL_C jJg-SJJ 4 _jLLSJ) 

dJL^ jj SLj I qa ; r Inosine lg h tl ^ j_jLsj I ^ * q ,^-jJI ajLL-JJll 

c 

jl J ^ iij j_SJ^ ).l_& ^^LlJ) t q 1 isij 4^_j_ L^Jl jl ^1 3' 4-j i II Mismatch 

f 

. 4_o_$^Lo P jjl^J J Lq_2_Ljjj 1 J_Lo l-^-> 4_<3_5 ^Lo L-Qgj Ia tl jg Sj 



VNTR-PCR s^Liill ^Lill 

a—Jlj^J) a_< 3 — va ) 11 STRs 3 ) VNTR J_ Lo a ^ U- ( 3 _L^L j -0 (<g_i3<_kiiJ I 1 Q fsJL) 

* hLlJ-I j^lj—ckl ^ djI c mj ,^-jJI ♦ CODIS J_Lo oLLlj -i^cl^-Q pLjlj§ pL_>^U 

c 

J_>)jJU j jj 1 < 2 j ,^-jJI STRs j_C DjI_C cijL_>t_»J) |< 3 ^Lj 3 < mtDNA ^ g 

f 

Jj -0 j •>! ^ 4L>Li-) v ■ <~ ^jl j ^ . obLJ) ^clj-S ^ 

Ll< 3_L1 jjLk^s-L! ^j-o Lij^-C 9 ! Y (j^u-b) 
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^liji j 


* 

Djj^-SUI J_cUj l— ) 1 ji \\)Lu)lg cjLog a >0 




Target DNA > . 11 a 11 9 I 




Ladder markers oLq-ujIjJI 




Buffer solutions dJjLJI JJI_£l 




dNTPs t-il v » . 1 Ky . ; tl 




9-iLSLiJI ^LjJLlj oL^I 




oUjJ^I 



► 

Dp^-SJ! J_cLlJ Cj I jl ujLyjlg obog a Q 

Djj^ 5LJ) o^LcI aj jl I . djJ^JLI! J_cLij ^ aLcU-dl dgJUg oLog q 11 pj_J-l l4^_& JgbjLj 

f 

SJ l_jl LLaAj )i ^_9 L^-jU. DjI C >9 4_jaU 4 <g )^1 J_i4j DNA >, Q C I v>M 1 dL^L >^0 

4 ol jl_< 3 _^ ^1 DNA j o 4 LjlJL^Q ^ lo 9 OjJg_^ ^1 4_J I ^ i 1 1 ^ Jg v^gJJ 04^_C L_9gj_lb 

I — oLr la 2 — Ll£* 4 — 4 <3 In )^1 J_i4j jl brg < 1 J c o^bd^JLllg luLsjj)j 4 J) 

f 

jg. Sb ^ ^^jlJ) L-jjIg-it laLLaxA* 4-jLlsJ1 l-J-L^j A ^ Q 4-uj-l 4-<3 _IaJ^) £gl_> 1 ^gj tl j_C 

jl l_j ^ ^4 I) jjlj_i) ^LIajJI j jj ^ JLil) J-u-u-uj L7 _Lcg 4_gb) ^ <3 b )^1 J_>)j jg_>g L^-J 

f 

J >b 04 >lg 4_Jjlj_> 4 _>j Aj ^jAj 1 he I 7 1 1 d ) I <1 r jl j-i_> ^ 4 _x_b) 4 <g In )^1 £jl_> j^- 2 Aj 

c 

j C M 9 . f UbjJ) 4A>b>- ^M-3r 7 tl j_0 j^-2-0 ^4^ OA J>-g < AjaU 4 <g In )^1 

. ajlAjJ^I oLJLsaiJI ^p^LJ pjjbj^-Qgj 



j9 _Sj ojLsJ) ^ 



Target DNA ujLaJl 5 I Aj^J) 

f 

^uLLia^O lilA^I ^Pl3t 1 0jJg_5d) J_cblJ J-<3 7 7 \\M 
(6 Jii) ^y^l J-SLjJjJb JgA>gJU J-Lo ^Ig-L-II 4_9gj_2-0 




P^lgJl |< 3-< 3 1 ^Jlg l-Q.\ ^ ^ \\\ 11 ^IgjJL 4 La \ ^1 oLJlgjLJl : 6 J *S \\) 

L^u^ii 

f f f 

4Jl- 0 DJgji -0 4 loj-JJjl ^1 (dsDNA) DNA 4J_j_b 4_>^Jj^0 4 loj— sjj! jg Lo 1 Lil^l DAJ^g 

ol Lx-> qa ^ jg 5 j \ q g . ^ jjjL-SLa tl £\ nil.!) ^1 ^A-Jl RNA g) ssDNA 

J a aj 4^J Non-coding sequences dj i o oLJlgj g) j^l j_o pj_^ g) ^lULS' 

iLJU 4 2_J D4^-cL-Qg 1 tl ^ 40 ^1 J V^ J 4^9 j2A4Z_»J)g (Kb) D4^cl_9 g b "N 10 ^1 4 aoL>i_>) 

Qjj-9 g-Jl gji 11 j_C LljL_>t_»J) ^1 ^jLj-jlJI Jj ,\ir jg_Lol_ 2 _Il J-i-^ OjL-Cg . ^Loj^Ul lu1p)j_>^1 

b^^g^gjuUl DNA JU JZA JlSjI J C ) ^Li.) l_jl_LaJ1 ^ ^b_<j_9 « 4-ijbJlg DNA objgJ- 

j^j-sJl jg Sb J)g_>^l j_jl_< 3_> j^ig 4_3g_xj j_c M i^a q b^b^l DjJ_Sb 4A>g_j 4u^( ( mtDNA) 

c 

. DjJj-C J-0 jjgl V i IL J,\ \^i 1.1 J^-S; i^iJI 9-* d I I <3-2-11 (j_0 
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DNA D^l Oj 5 I OJ 9 > u 1 C qJL 2 J Dj SHI 4 J <g C ^1 J>* j O l£j_> jLs JLU 4 7 t t Pa tg 

f 

DNA ojjg SUI ol L^_»_Lo l 7 _ Lc I ^JlgjL_>) c I $ l ogj sjj i <3 &1 j -03 l-9,\ ^ \ \m 11 

fn 1 ^ ^jlU c q a gS DNA Jxj 7 > aj jlj PCR opgJLIl d^U-c j) ^ ; vj ll ^ 5 , polymerase 

. I ^ 1 j ^ ^ m g olbyil a \ a . " 1 l j Ik 3 

l_<2 jHllJlJ jIa 4 r J|_< 3 _ 2 JLjjj 1 J_Lo 4-jLLl 3^Q j -0 (DNA) ^ I C Jg ^ 4^1 j_SL^g 

C f 

Jg s^A >JJ 4 i 1 Pa Q O l_>t_5JJL-0 JL< 3 _ 2 JLjjj) gl j_sLlb^) CL_£* j -0 L^LiU ^ 1 C Jg \^A >JJ j LL-UJ X 1 

^jlj o (j— o LALP) lijuL^ IjI Lol ♦ j 7 \\) tl oM ii n^a ) L^L> j-o §1 4 jl 1 a ) LALM ^ 1 c 

&Sjl) ^L. LALM J- va La mg ^9 4-jLLs_U LjjlSLJ) J_Lo 4_jj_^_^ 1 pL_>^l 

o Li mgdJ) j Oj ilLo 1 ^ ^g—LsJ Jpl 9 j qu <o_> d-lJL Xg 1500—1200 4_Cj_jjjlj 

jg $Jg < 4 3 1 J ^ ** * Qg Ilg 4 _Cj_ljjJL) I ^ I \s\ Q jLs_j ^ ( Phosphate buffered saline) ^J_L! 

LAliPl ^g_La ^ j— o ^ ^ ^ J olg-sJlg ? tl Pa wigJl aJlj^ 4-jjgj n^a J_ujl_sJ 1 4-jl.L<3_C 

llUj Jg \^a ^ , \ < r g Djjt) ‘n tl 4 J <g r Pa < t j jl j-S2r Debris ^1 Pa >» jl j_c ^1 \^a q 

20 ^ ^ I 7 1 4 J 9 X-U—S—P I jl 9 < 3 _ 2 _J I u 1 r g « J_<j_ 2 Jl UjJll < 3 _JlJ ) lJi j O 

f ~ c 

. pit) Pa ^1 I A C « ^p^Loj_i-) J 5 _L >^0 ^ 5 ! gl j Pa ^ 11 pUl j_o j-L^j-SIjLo 

f 

^jL JLidi 1 * ^2 * Pa 1 i i A t C \ 'v - a " Q ^ jlJZ-jljl Pa II Ljj-jL^LlJI Cjl_>w2) 4 _IL>- 

f 

U^j) ^ J^. \^a >JJ 4 <1 1 Pa 5 o L>t-jjjuo ^1 i j-o LjJlSLJI C 7 _Lc \^a >JJ 

f f 

pUll j -0 jJlJ^j-SLjLo 500 ^ ^g-LsJg |< 3 — yju P l $1 ^4^J1 5 I Dj_j>iJljP 1 j -0 



\^A ) J>i_lJ 1 j_-0 olj3-iJ ^ < 

\^a ^Pl j-SLr Lo ♦ 4 P^ ? ^ ^ 1 Pa ; j ^ ^ DNA jl_s 1-^ j-o 

. Ojj^-SLJI o^LcLiJ L_qL^ SLj ^ t I r 

J_j^3 ^ »^tl ) jjjlJl-IJ j^aj ^ j ^jl l_j ^ 4 jLq ^34-3t v^a 7 U RNA J L^li '» ! Lc! 

J 9 I \^A >LL J Djj^ — SU1 j-o j 9_^I rTth j-o ^j3tJL_sjjJl) MuLv JLq_2_ljjj1 

L.^1 o)j RNA ^jI c ^j 9 $ i ^,\ <1 1 a \ tl SHI J cl q \ ) P-LjJI J-»-Q cDNA { j^o 

jg SH Lii) j5_^iJll rTth JLq-sjljjjLq d-l^_s-o 4_j^jb c \ ^ *s ) j_3 ,^-Lc ^^LPI ^1 G+C j-o ^LsJI 

f 

• J-^-sl 

f . c 

L;r lc J-Q^l ^-L_C 4ul5_i_>l 4 l_>L^- CjLj 2-J^I^O j-0 jLs DNA ^^l-H ^ I r LLSLj 

L_^2 jl j *\ <f L-JLj|t) \U tl jl^ L^— <3— A-L>r \^A 1 jIjJLI 4 ^ Pa ; II ,^-Lc ,59^ DNA j_o 

f f 

. pU! 5-0 DNA 5:1 ale 7^ vul l l_Cjl_ 9L3 LlII J \^a |<jjl> \^a ; tl cult) Pa >- ^ jajLlJI 

dUi l-Q,\ tl j,\ n^a Q ^ dj^-^^JLI L-jJlt) \\> tl j-0 j^a I >LlU j9-SJ D-Lj3> Ld_xd3t_Lll 4-tL-L<3-Cg 

f 

. a I a i 'i !lg ? L • a_Lq_2-i "ill 1 ■ ‘ 1 9 L 1! 
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^j-u L-fl-l ! jl i_ cjLl_o_SU! jLi J-cLliJI pa_J ^ h < DNA ^JLo-s-i — aj 1 ^ 

a JL> ^ (Microgram) ^ lj_c 9j _S_)l o ^1— d J kci jl j </ ; 9 (Nanogram) j^al J) 



j_SL r L-d-kiUtjJ) 9 ! oLc-SJI oi-45 . Genomic DNA (gDNA) ^ 4 $ •■ . ^ DNA JL_2jlaJ 

c 

jl 9 ojl cl I o-S^ . ^jl I i_s^Li >X Ij j L^J p ■ <3 ? j X il d_}j_>iJiJL jaJ> jl 



> 



^9 



IaL 



djLjJ^ i Djjg_SUl oI_L^_»_Lo j-o Ljl_J L_>- jg SH jl ^jg-o-jHl 



L^— <3- 



^ — L 



i-o pLo ^ I ^ ? vog gl f °95 



4_J>goJ 






^ pi <xj d Ij g ^jI <QjJI ^ ojg >9-11 DNaSC ol_JLjj_j>- \ \\\] d Jig ^gJLij 

. PCR 4-ti-L<3-sJ 4_<3_5 ^Lo jg Sj ^ Q l-JUJI DNA oLljg_> ^Jg-u . uj ^Jg-O-lJl 

l_jljl jjjjJlIL j__Sgj jl l-Li ^jg-x^jJI 4 -Ll-Lq DNA 0L4I jg Sj jl jigj ^L-JL> Lol 

II Djjg SHI J jl_L< 3_2J lj_^l > ^ig <3 _lJ I jg SH Liii-Ljg Jg_>t_SHI g : p5t_»j ^ ^Lj^I Jg_>t_SHL 

f 

.LL^-XI ojLjJ jj_S L o j_o jJ-S'L jjj- jl J <?j 
d ?> ^dl j O jiOj i-J) ^ I C A cJLSJLS OjJ 9 SJ) J eLflJ ^ d_l_o_2_i ujlLI DNA d i_od Lol 

c 

(^7^ D!NA ol_J_jg^>- jg — >-g j — O , \ S^LlII ^j2jg_2_JI jg_SL jl j S' < I ^ I > Lg ^ S' II ^J-jLj^gjLllg 

UJLjijL-HI ^g 9 4_2 si^l Pg x2j lIjl^ 4-> N^lgJI j^g-1) jL-S ^g-<3-sJI ^^J-Cg ♦ ^ gl ^Jg_<3JLil 

-L_>g_j ciiJ-Lig ^lj_cgj|j 20 ^Ig^ ^ I c 4_jgl_> jg Sj EthBr ^g_j-Ljj^l ^j^oggAj ^ 1 II 

ol I ^_2_i_L^JlJg 4 Og-ll oLjg^O J-0 J-oI_2_lII j)g_j Lo,\ j C ^Liil I-Lj^ jLljLC^I j-IjJlJ 

Lj^JI 



c 



I g )Li DNA a jl-o_S^ ^- 2-Q « jl 5^. 



pj_>- Dg^_2_J^l 



ijj) gl DjLjgJl l^j_LjJ j-U oLl_< 3_SHI ^glgjj di J Cg 

0-0 J-sl L4->L> d_Cj_Aij d^AJ jl j_^r C7 -^-S . L^jd L_ 1 5-Cj-^ 

oljl—Aiil ^ jj-A^I ^Lij^dJI JLdl dL Jc l ^1 jl jJLr oXU-l j^a-ij ^ L^J 

jLs j_jl_SjjlII 4-Lq A;r Lo) , ^H^L> L^Lj ^ o ^Ljg ) ^_L 1 

jl j — SLrj \ S^lg-lJI j — o J_L5j|g jLi ^g_<3_sJI ^ j-^9 -I ^ ^ Jgg 1 1 7 srA j 4 _L^Lj 

. aJg | ^ a £yLi_) pi Pa rX Dpg_SHI dLJ _<3_c 
c ol ^ j g " Igj SHI a 20—10 JI_<3_2JLjjjI g_^ DNA ^jLoJlJ 4J_<3_2JL_5l5j 21I ^gdx_>JJ ^LsJI dL_>gJLi|g 

j o £ ol a-o-S^ u I r Jg j^_l) -^Igo Lo-s Leg . gjJgg^jLo 50 J_cLiJ ^Jl 

D^ti S^ o)jj__SLo JL<3_2Jl jjjI ^Jl gl Lrj 9 jaJ 9 j_SLLo 50 p_>d-l j \ v ~\ i ^_9 DNA oLi_j_> 

. d— iu_ci p_>d-Lj 



Ladder markers oL-ujIjJI 

d 9gj v o a ^ it. , d_t_o_>d-l JJ^aJI LaaajI I ^ ■ I j-LLi-jg DNA ^ oaaj> 

J_0_2A_mj LA_jLS’ Lta_ 9 9 . OjA^-OI ^gI^aJ -^-L- ^ J_o_2A_mj jj9^^ 
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d s^L> ^ L q oUpL I ^ * L < 3 1 a_2_j 1 , \ ^ t Bacteriophages 4 _jjJlSLJ) 0LJL2JI 

ol <3 sljd ) ) 04^9 < Haelll i ^ 11 OX 174 g_L_s 3 1 A, Pst 1 3 1 A Hind III J_Lo 

< 4 _ 5 Jj)j-idl ^jUJlU 4 _< 3 _ 5 ^Lo j3 ^ 1 1 1^jL_jL>1 ^ 3 -j ^3 ‘ J39 9) ^A^SLj 

3 1 jl ^ 6 J-A-o qjh a— SU ) g-k 3 I Ig < OX 174 Haelll J o s. 1 ^±3 hj* 7 djJ^-SUI ^jLoJlJ ^Ll<3_q 

. A Hind III J <j a 1 ^ j o-^-cLi 

c 

4 _iJjL_>U 3 j^L) Cj L<3 sjj I 3-J I j-0 jj A. ^ oLSj_j!jlJ) Oj^j) j_j*bLU Lljk-Q^Jl ^9 

. D-L_cLi 3 \ \ *\ 10 ^1 J v^ j I ^ 7 >3 0-L.C.Li 100 QAJ ^IjJLj 

DNA a jl_o_^ l_jI ui_> j ^ /* o L<3_5 jj 1 3J 1 Lane 3 LyjL-o DNA oLu^ 4_9j_2-o aJL> ^^3 

d^j Sdl l_>3 jjjU-1 ^-0)3^ j ajLsji lsj^I j ^ £ aJLL < a_> 1 3-J 1 4-^03-^jJl 

t 5 > J03 L3U33 b - ^ > >1 <3 sljj 1 3_J ) -L_x L> J3 S 2 j) J v>> ^ J3 . ^AL^Jl J_il-L>jlj a-xJLsJll 

oljl ujl-o j ojl m-o J3I ^ J_o_2j[ mj ojLc 9 * 34-^3^03 Loading buffer J_x_<3^>6jlJ) 

f f 

. ^JLljJI 4 _ij OjLjJ fU^Jl LD L<3 _sjj 1 3_LJ 3 Lsjjl- 0 j-0 3JLSI JI_< 3 _ 2 JLjjj 1 J iX) 9 . p^J! 

L43LI \w >» $ DNA oL-jj_> 

f 

J cLiJ ^_ 3 ) 3 ) j<3 &) d 3I l_j I Li JS. jjj ^ 1 c ^(3 jjj o^LcLlUI -l _>1 3_d> DNA j) L* 

• (A260) OD260 ^yj I l_j mi 4 oLc A3 3 1 ur -d>9 . dNTPs j-o ^1 jLJ 3) D3J9 *\ tl 

. 4 <3 11 JI9JJ (jljsl 7 ) D-LJ1>9 

jj3_jLll j 325 9 ^ ^ dNMP L > Lo ) j3JlI)j 487 9_a> dNTPs oLijjJ- (J33-II J-^-2-0 

. DNA (27-^9 



ssDNA OD 26 o 
dsDNA OD 260 

RNA OD 260 




1=33 jLig/ml 
1=50 jLig/ml 



:> 1=40 ug inl 



: aJjLsJll ( J-^3 09 “^ ^1 u-J L-U.I—'vg 

Absorbance = Molar Extinction Coefficient x Cone, x Path length 

j^Li* Molar Extinction Coefficient L^J .-.I 11 ^ o^cLi J_SLi 



23 





Extention 

coeffecient 


f jA^gjL]l ^a2i ^jgJab'i 


*■ ■ ■ ■ ^ -j ;u_i_i jCC 'Jli 


12300 13400 


26(1 264 


A lien me 


7350-8100 


273-275 


Guanine 


6100-10200 


267-274 


Cytosine 


8200 


259 


Uracil 


7000 


264 


Thymine 



1 Cuvette ^ ojLii Path length j_o_L) JjJa Lo) 
j 9 _Sj (20 mer) p,\ c Lq 20 Jg La j ^jLJ ^Ll< 3 -q 
A26o= 1=5 nmol= 33 pg/(20 x 325) 

: ^y^L^ jg Sy D-i^cl_9 20 Jg_Lay ^jLJI j _-0 pg ^lj_Cgj_SyLo plliol Jg-Og-SLy Jyg_>tJLJg 
0.065 pg = 1,000,000 /(325 x 20 x 10 ) 

20 Jg ) ^jL ) j — O ^)j_Cgj_5yLo 0.1 M_Lo Jg-*Og *S » t ^1 ^jLJ) j-o ^lj-Cgj_5yLo Jjg->t-Ll g 

: D-L_cl_Q 

0.1 X 1,000,000 /(20 X 325) = 15.4 pmol 

j_dgj_S2Lo / Jg-ogJyyJL J-cLulU ^jLJI ey LujljL g 

20 pmol of primer in 100 pi reaction volume = 0.2 pM 



Buffer solutions djjljJl JyJL^I 

Cjl 4 L_>gJU oLjgy^l J_i_$jJg ^ ; * ygj a * ^ J) ^ I r 4_Lh_sL^lg ^ jl J o a I nu 

!A > JyijjJll ^—LuJvgj, \ ii ^ 1 1 j) il , 4 -aJI 7 O tL DjJg *S tl olyjJ^ ^jQ \\\") j-ySIgJLj jg_S J 

j o ja c ^ 1 r a <qJLS-j L^JLo_ 2 A jjjlg DjJg_SUl o^LcLij lo t < \ ") ^1 ^jgy )Ay>* j^o s^jJLl gl 

jiAj — sJ J-0-2A — mj Jgi^o j-OgJ_Sl dJI_JL_^g . J-cLicJ) j-o jiAjJzJ) I ^ <3 cr> 1 L^gjJhJl 

f 

L^-oLijI J^_ aJ 9 4 <Llj3u) I ^jLg_L^O jg Sjg , J! oLJ^ j-Q d_L>j_0 ^ J-L^-wO 

i^JI s ■ <+> HC1 ■ s lj j g I ^ jj \ ^J! j>< ^1 > J L< 3 _ 2 jljjj L Lo! a ■ ■ ■ a ■ ^ II 

j_9g 3 DNA JL< 3 _ 2 _j[ L -sjjLjjjI L» \^o 1 >0 jg Sy ^aJ) Djjg_SUl J_cLij JL^o ^g . NaOH 

J cl Q \ ) > jg Sy L^Jl-0 J^o 7 i tig 10X DjLc jg_5 J g 4_S^LU ^jlg-iJI 

: 15J 1 g-i2l ^j_-0g Lc_>^ Dj_S^J ^y U5 Taq ^1 



PCR buffer op^-SJI p^L 

f 

: djLj-Coj 1 OX j-^-4: ■ ( _ 7 — ujLuj) J *\ \u ) i vubg-Jl jj-j! ^ I f 

500 mM KC1 
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100 mM Tris pH 8.3 -9 

0.01/ a , l_sI j*b_j jl a->^I 2-^3 < /l4 _» sjjulj Triton-X 4 lJ 1 l_q! v^jg 

• (fS-^XW 



. Jg-0 ^^J-0 15 UJU-S-ll AJgg_L^ 4 lJ 1 C ^ J gl < 4 a JL ^ II O A ^ < J^g UJLJ j) j ^ 2"g 

j£g_j jjj|jg_»Jl j o Jg o ^ 1 >0 50 jg 5 j J-cLliJI -LajJ_> ^ jlgJll d,\ $ I 4jl Jl^JI >A1^1 9 

4 va LU o L_ Li- 1 g L_)g_jjjl_il j-o aj ajlJI Default ajl_v.u L m 1 4_o » q *n aj^aj ^^jbg) 

L7 — Lc ) a — I) plgjAv) aJL^ ^g . Jg-o ,^-Lo 10 jg <i q Tris g_*_Sgj ♦( 6gjg_SJ) o^LcLlij 

. Jg-o ^-Lo 1.5 jg_5^_yj ^I^jJI j^L^gjJl jLi ^g^ 



-JJJUl- 2 - 



Q q\ £ 10X J_Lo 



TE '^jIj 

S~ . EDTA 5 Tris-HCl Tris-EDTA ^Ij 

: 10X j_Aj_lj ^jIjJI j-0 jjJ Jj '>> ~ JUjLJL^XI ^ '■ C 

jJlLLo 100 ^0 J_<3 7 ^ n ij (1M) Tris-HCl 
jjlLU 20 4_i_o (pH 8) 0.5 M EDTA 

Deionized distilled water oLj^XI d ; o Jlj— LI 9 C 3 1.1 pLL) j_o jjlLU 880 til ^ j9 

. (ddH20) 



. 10 mM EDTA>Ap 9 100 mM Tris- HC1 J*lil J> 09 _^ 9 

998 JLc-ij—sjj) j-o o^LcI o j9 _£i2U '"’I ■ o II ( 1 0\ 1 ) j '» J_<] ? 'i wi i IX j * X jj ^ >* ~ J 9 
L7 _U 1 EDTA 9 J^o 10 Tris- HC1>A> 09 AJ (ddH2Q) J lo al l *U1 ^ ydU 

• J 9-4 

f 

g < 4 lJLo_2A jjjI j— O a 1 1 ^ I £ IjLoJLc) 4-jjJjL>^0 ^ jl 1 jl g-gj A jl ^ ^LsgL ^jIaJI g_AA_^g 

^j 2 a-oI > JI_o_ 2 _i lsjL ^ ijL-> gj A t i ^ II I ^ o-ig J, \ ?j jiJI Tris-base ^lil , \ ?> llLJj 

|<3-Sg_J ^gl-^ I) g LlUi I DNA (gj-^ OAj 3> ji^lg-C^l j-Og . ( HC1) Li]-T)g-J-Sgg,\ 11 ^ II 

U su gJl ^ J ^_jlJ) Depurination oL^g^) aJIJ aJU- j-o J J a-Mf 8 ^ ; A > gg, \^ 
RNA ol_J_jg^> dUig 7.5 A-^gj, \ \ g tl ^j-QgJ) jg *\ \ q RNA jj-i^ a i_c Lol . ^ oLJ-1 
ol 3g_j^l j— o J Uj EDTA DjI O j) j C M j2a_9 . J^UJI ^UJI J> dSJuj 

jg_3t_U ^ J_o_2JLjjjlj l!_LJ A jg ^Jg_oAil ^ A_>gJ ,^-^1) 4-2 _L^LaJ 1 olAgJ^l AjLJL-S-aJ A-Og^Ul 
Mg ^o oLj g_J^l jg $J 4 lul-Aj Cjl QgJl ^ j__SUg . 4 jggAJI j2A-olg il j^-Lc ibLiJ-lg 

f 

^gloJl J-0 7 \ \\\) ^ aJU-I Q.\ ^ t 0 U.L 2 JII A_>L^g LliJiJ OgJgjLJI oL/gij J_0_sJ 4-Jggg VO 

. g 1 a <3 11 pULL 4 j r LsJLjjjlj Lrjg lJl jL^i3tAJ) 

J ‘n vu t jjl_L3 !ls Downstream processing ogg-SJI J-cLaJ jjij ^^1 ol , I q v II Lol 

. du_Lj_> 9 j ^ ^ 1 1 ^ L^j ^ I N C > L j* \ 
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ol 3g_j^l l— Ju> ^^-Lc J_< 3 _ 2 j djULI gaj s> jLs EDTA ^^-Lc AjgLU ^jlgA-Ug Jlg-^^l j_x_< 3 _> ^g 

ol Cj -ij J Lo CiUptfl j -0 A_j A_ 2 _LJ Ajggg_s*b jg_$J l7 -jlJ 1 hkjHLCg Mg J_L -0 5_9LSjlI1 AjljLlJ 

EDTA j— o l— \-L xJJ djLIj a a m jg Sjg . ojjg_5dl oEjjj gl Nucleuses j_LaJl!1 

f f 

^1 ^Jg_J AjJ Lc J4-^ I ^Aj LbJg_>g jl_Q lLU-Lj^ . ^-QLSjlJI AjljLlJ oLj^j^I j-0 A_>lg jg_jL i^A_»JjJ 

f 

i^jL3 d J-Cg . DNA AjLcI AaJL d ojMJl OjJg Sdl ol ChX Ao 9 J~ — ^ J! oLj^XI 



l>^ 



-?> 



-LaJlJJ pi II J L<3_2 _Ljjj I ^l_Lo g_9l_5A_ 



ajlJLlj ol_jg_j^l j^-sgoJ A-ojMJI oI2oLjl_>^1 

. EDTA l7 _Lc AjgLU JL<3 -sjl_o1 



(TAE) Tris - acetate EDTA buffer cAli-l 

f 

J q J_< 3 _ 2 ji slujj . EDTA 5 llLJJ-I Tris-base j-o E* < I •>• t 5 j^ J L>wo 

j . Agarose gel j^LAXI ^ -^_lc RNA 9 DNA ja-olgJ-l 

: j-0 50X jj-SjJu ^LLo d_L-0 JjiA) 

pUI p)j_c 242 Tris base 

f 

jjlLLo 57.1 jIa q c Glacial acetic acid LT J>JiJI d-J_i) j 2 ooL> ajJI cil v*n g 
^1 1<3 J-A-52g (pH 8 ) 0.5 EDTA Jg-L^^o j-o j_lLLo 1 00 AjJI l^Laaj 

. A_>lg j_J 

^ I ^ 20 ^ Tris J 9-0 ^-Lo 40 ^ I c Lj ^ L_>- ^gIaJI jg *\ jg ( 5 0 1 1 ) pULL IX L aajI i^LaJ^g 

. EDTA J9-0 ,^-Lo 1 g i— L J - J -I j2a-oL^ Jg-o 

. |<j- u -a a j ^1 aj>LU jgj 4_Lg_L^ daJL jl j_5Lr j-j_i) J^-L^lg 

f f 

L_a_jL$- (< 3 a_j 1-L_jg J-cLlUI ^a-cLq aj^ J v>> qI aJL> ^j(aJ) 1a_& DNA oI_Ljj_> jg Sj 



oljg »JI ) a ^ d jl_o_ 5LJ) >, ^ Tris j-o 4 > <3 ^ ^t-I-a. ^glAilg . cu I aj j g-^-d I alJ ) jj 

f 

J_<j_2j__mj 9 J >>. o l i ^ U jAJ 3 J_s) Buffering capacity d2,L a ? ", dJ 9 TBE 

Running ^‘1 ; ; ^ <1 1 aJ_<3_c ^ dJiAj jgjIAXI ^Md> ajl-Lo-c ^ ^jl^J) 

£ 

^ jjjJLI L^gj lb la ^ jI jg (j *n II J jl_>jjlJI plj >j a IL> ^ I aajI J_<3_2a JAijg « buffer 

. olg aUW a? u jIgJI L> alJI Denaturing gradient gel electrophoresis 

d jl_I <3 C. plj >j J Lo DNA ^jLoJlJ A-AJv^LJI 4 _jlAjJ^I O L^-jl-j-LajlJ I ^ 4J— UJL-> blj-o ^5jlAJJg 

TBE ^5jh (j— o J si a " a I ^g . TBE d IL> llUa^ jg Sj ^ ^7^ PCR ^Glgj AjgJ-S^ 

DNA jl j_c M \^> 4 jAajLAujlJII gLAilg j* q 11 Lj ^ II J_x_>jjlII ajl_> J-SLaju J_< 3_ajg 

. 4 _Cj_jjjlj Ajl_9 LlJg_>tAj 
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(TBE) Tris-borate EDTA oljg-JI 

1 OX j ; ' TBE o o j lJ Jt o_>JLlg TAE J— o DNA OjJg ^ ^ Dj_LS[j J_<3_2JLjjjlj 

Tris base j^o flj-c 108 
Boric acid ^L> j^> flj-c 55 

. (pH 8) EDTA J9-0 0.5 Jg-L>^o j-o j-lLLo 40 

ol ^ 1 C 4_jlg_jL>^ Ij In jg . jgjLS^I J-t j- dJiAg J-^dl ^ t5j'-d' J-o-SJ-mj 

a 5 j1aJ1 4JL2 jjj jg Sj llUo_J TAE ^ 4_L<3_2 Jl ujJll oL^SJl < & * ^ jlJ-^iTris o-o 

9* CT^I— i 1 JUj_2J_ujI ->_LC. ^ d_) 9 J-Ol 

Ljgl lu_ 0 jg SLj (lX) TAE J j A. ■ d OdX dJLq-2-I "’I 0 SL ^9 . d-Ljg-La D-d. 

^1 lo TAE lo J *\ \\\ ) c!Jj_>tjLj DNA olJLjj_>g < ^jIaJI a ? w> o-o- j-o 4J 

c ~ 

TAE j-0 4 1 *N ^Lc) 4lj1 j_C ^1 Q . Li-j) Lq_^ 0_9gJl jLaAjl_>1 

c 

)aj 9 4_Ig I Ajg 4-S-0 J-qLsjlII llUaj^ dj^I j_l 51 |^^L^-I) J_g_$* Borate o)jg_»Jl SjLog 

^ 1 c Jg joaU ^1 dLg ^^1 ^-Jl jl ^ > 1 ^1 cllij ^jg_j j) jgj 4 -jlJLc 4-oJg-Q ( J_x_»_Laj j_5o 

(jo)j_C^ J_<3_2JLjLiJLjLjjj ^jlgjJl jg_^ 4_JL> A-\Jv ^ 4-1 L<3_SJLjjj 1 j_5dg .j— oJd 0_9g_j ^JLlJlJI 

f 

ol ^ i * 1 1 dioj < oUp^l j-o oj^_cg Ligase ^jjj 4 _jJI_ 2_9 to » * j ^jIaJLq < jj_i4 

f 

DNA ^ lo q u I r Ia-qIjS- ^ ^ q jLov^l (jo-2_j ^ aJ-jo-jLo^ 4_gJl_Aj jg_5j TBE a \ul9-j 

c 

^1 l _94 ^_J OjJg Sdl ol A <g C j o 4_xJI_C 4 -u-UJLJ jl 4_jjb 4_^_> J-O 9 « -))a-C^) pLljI 4 a 3 -J_oj 

j-o Ja^IajLj^ jl j -So olj5_JI jLi jj_>^l ^I^jJI j-09 < DNA ol_Lj_> aja^ 

. RNA g-jL-olo^o 



5 - 9 LSjlJI aoLlj oL)£j^I 9 (EDTA) s I % I *TI jiA-oL> ^.cLj j^-o^l l7 JLlj j^lol djLo 

Ojgj—O) Mg ++ jol — > J ^ \\\ ) 9 ^LSaJI 4 _xJLlj oIj^j^U 4 _JL> djL<3_^ EDTA djLo J-<3_2j 

15 ^* 9-^ — 11 L-Sl joJ LlUiJ « 4 -Jg-LU 4 _ 5 Z_L^LaJI oLrjJ^I I j > Q U* oLrjJ^I j-0 JA£ AjJLsoJ 

j_A) JA-gJ 4 _j 9 j_JO oLj^j^I j 9 SJ lLUa^ 9 « ^>J^| LlLSlijJl j-0 4 _j 99 JlJ) j2a-oI9-^I 4 _jl_< 3 _i 

EDTA ^ I c. a Ia_qL^I liJJo_I 9 « DNA ^ ol ^j9 

jl jLoc^l j_Ia_lj a_>^L l!_Uj j 9 jg Mg J-a-o oIj^j^I ^_Lc ibLiJ-) joj-gJ ^jI 9 aJI 
i< 3 _d>l j-o ^3-oAL-Ag-ll j9_j| j 9 *\ j 9 . Mg j-o a_>I 9 j9-jL JojJjJ EDTA j-o 4 _Lj_> 

f 

oLSj AlJIg « oLIj_LajO^I JjA-g-d j-j-gjJI ^ J £ N\)^| A-g-Jg DjJg_Sdl 4 ti I <g C oLIj_LajoI 

J_jl^ ujl-iJ p jjlAi) oLig-Sl-0 4 -u-O J— 5 OA 2 O 0 J_S1jjjlj MgCl2 JgJoO JgjJ j_soLU 0 _ 9 gJI 

j_x_SjAi| 6jLj9 J9-0 ^^-Lo 0.5 j-0 I Ao j^lj-dl j-0 4 -jjjlLalj PAjJI j_Sog « j_x_SjAJ| -Laa 



AO 
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DJ9_J> j-0 4 7 ; Q o 4 y>j-) J3-0 l7 -Lo 5 ^1 J-LJV ^1 J9-O (JT-Lo 0.5 

p 

J4* J. 1^1 J9- -U J 9- 0 l^*-° 0.3 9) 0.2 DjLj_} j-x-SIjJlJI ^5-^0 ^ 11 1 <J_Lj J_cLijLl) 



Lithium borate buffer a 3 : i : I 1 1 ol j9 -> p^jIj 

jj Sjlj . RNA ^ DNA J_ a I 4. vA L^9 ^k) t3 ^ ^ ^ ? ■ " ' : o* zjJj 

jl ^aq ~ < P ) A_J I j LjL<? . clLjyJ) ^j-a -Q L> AQ > "i i I 1 1 ioJj. lLUj 9 \ \ \ 1 II CjIj^j 

j) ijjr^ ^ — uj \ — I 9 -Q 35 ^1 J — i^2u 4_jJI_C gL u - l ig-i 2^0 J-< 3 - 2 JLjjjlj j| j_5Lr liJ^ 

/ p 

DjIj-jLI -^jlJ^J ( -U2-) Lq_x_9 Oj_Sj / LljJyS 5 j5 _S J ^jjLsJI ^ L - l ig-jiil 

. 4 J jl_2_J) 0^1 iL ^JjLLo l^-> J \^A "\ >t_uJL.u J_y>jjj) C1 jl_ 9 ^ jl_9 1,\ )g < 4LuLlg^aJl ^LlJjl , \ i C 

p 

< D 4 cLi r) 1 j 5 ^Ia <3 tl Resolution ^ ^33 jl ^ IaJ ^ JLs-s j 4 _c qq *\ > 

J Loj4-Sj-L_!l ^Lc j 9 j-^I CJ 7 — Lc. D-L_>l^ D4^cl_9 ^ J_ ^ LU j^-SjJI j-ujL-< 3 -LU ^Ljjjljv j-SLt^ 

j_C A ? 1 4_\_9 1 ol jJ_< 3 _ 2 J| plj >j j_SL . Oj 4_2_J^J) g-Ld ^ 1 1 3/ 

oljyy olj — JL-O 4 — I li — |^9^ J 9 — J^JI olj 5 _y 9 — 4 — JL-O l_jlJj^JI J_SLsIij 

4 JL< 3 _ 2 J[ sjjL jjju ^y^t-J-Jl oljyj j-SLI^ < 4 \ C I 4_I_Q j_C ^1 ^ D-LjlJ-I ^yx-Lx-IJI 

. oIj^-jL ^ijjLi-o f9-u.tJJl 4 ^ ; 1 1 J t 7 tl 4 LlLUJ Ij Ia j 4_xJI_c 



Loading buffer p^jIj 

J_x_^ jjuljlJ 4 lJLqLL^ 0 j> I 4 -LS-? l_L^Q J * £ \\i 7 t jyl fl rV J_<j_SJLjjjlj 

(BPB) c^jIa tl I \ <y\ xdLL<3_2J[ mil ol_2_» j^JI j 4 J DjIj^J jjjI^ 4l_2 

f 

j;j Pj ^ ^1 (j9_J cjf j Xylene cyanol ai. ;_ ^9 c9jjl 09J I olj Bromophenol Blue 

J Lo 4-Lq_s_i juuJLI d sLlS_)I ij_o Ajjj j^jJI jl9.ll Lol . J9J cj! j Orange G 4 ? ; ^9 

. Dj—dJ-l j—SS ^3 J. g.i jjjjo (jn la^j ^J9 <3jJI J 2J- Ficoll 9 1 J-A - 'C nJI qI Jq^ ujulLSUI 

JjLsjJI f^jlj j9 Sj I ^ \ <lJLsjj luLljx—iIj cj|j j9 *\ ' 4 I o a ~ "ill <~il ^ 11^ 

J jl^-jjJI pi jlj I DNA ii oL^Lj ^ 3 a ^-ll— ^ ^ olj I ^ i I \~c <^ . 

0L2 ^(9^5 ^9 Sj ^9 <j_s_n ^9 a 1 1>> i jJ^9 <iLS^- dLCj—uj ,j_)_SU9 

: I~il ? ■ II 

• Xylene cyanol (light blue, 4000 bp) 

• Cresol Red (red, 1000 bp) 

• Bromophenol blue (dark blue, 400 bp) 

• Orange G ( orange, 50 bp) 
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uju LiJj_>tjLj Orange G 4 7 » ^ II jl_9 /I J Lq-sj—uj 1 ,wc ^Llo-9 . 

60 4 7^9 4_5^av ^^LSj ^ < (IX) TBE ^ 0A^_cl_9 40 L ^<3_>L> 4 7 La g I *^.9 LSLo 

-200 j o 4Jg-SLp DNA ^ a La q 4_S^j>- U* l!Jj_>i_ll9 BPB Lol , (IX) TAE ^ oa^_cI_9 

4_2_» j^lil DA ^ JI_<3_2JLjjj1 l_ i-i3» l-jlJX-x-Q I a ^ J ^-La Q j_C CjL_>t_»Jl )-A 0A^_cl_9 400 

Xylene cyanol plj— s2a a j^JI I ol . 4_> x2aI^ C 0^_2_j^J1 

(IX) ^ ^LJ_9 iaLLl^ (IX) TBE ^ da^cLq 500 j_o 4-jg *\ >0 4 7 La q 4 _ 5 ^av opLlSL liIj_>jll9 
J_<3_2JLjjju ^l_C P^jIa jj >tjJg . I , \ ) J_La_9 J-0 J_4_2JLjjjlj ^ liJ TAE 

Xylene cyanol 9 I BPB j-o ^t-U 25 



J9> 






<**■ 



j_ L aJLo pLo j-lLLo 10 

OA — l J_0_2A — JJJU j) j — SL^3 \\t \ \ *\ II 5 I j 9j _S_uJI cr ±c jLj_cX) 9_r jjA p 4 0 , 1 ^ jj-^9 

. 1 aa> 4 _Lj^_La 

f 

125 J 9 lo) DNA aiiLiLo ^Lc^jjju L;r ^J) Cresol red oLi-^JI j-o 9 
. da^cLq 50 j-o 4jg-SLo ^ 7 U q l!Jj_>i_ll 9 Orange G Lol < oa^cLq 

10 ^A^ <* J-0 jJlJ^j-SLLo 4 JI_0_2_LjjjI J_Lo 4 _t— uj Llq L— ) L-O-SL J_x_o_>tJLl I P^jl^A La I 

f 

iJDb ^1 BPB 4_2_» J^A Jg va j , \ < C jLljlJI ^La <3 jg . j_^2_i) ^ I g 7 VAg J_»_9 jJlJ^j-SLLo 

f 

3 J- j^aJ LoA L C _LaJlj Orange G 4 a? i ^ J) dJL> ^9 . fDL^J) J9-^ 

f 

. ^M^JI J9A3 



dNTPs ■*«! \ ■ 'jj jl I ^9 ■ '■ 

II pl lJI oIa ^_>5 J 13 L7 — ^_9 OjJ^JI J_cLij ^1-4" ^—)l— 5^1— 5^1 Aa>) ol^^^lil A^-SJ 

oIjI IJJjj J^o ^jLLaJLj^ OjJ^JI 0 U 3 JI J_2 _j 2 j -LaJjJ^ >, lo "\ J^LJ! iJL y dj_c ALk^j 

J!j_) X dATP. dCTP. dGTP.dTTP ^ 9 . d_<^3^3 ^JUJ! DNA 

_jAa U-l LL.—S 9 JI ^ 0 AJ 9 « 4-jg 7 II pLx -0 JL-SUI ^ ^Jj-4-Lo 1—22-J 1 ^Lc. Ij ~\ 0 Q 

. ^ J -kjJI 4 _il-L< 3 -c c q a I LSj j_o J A ^ 1 1 Oligonucleotide synthesizers 1^ ^>^*1 

aa_)L^ lil^ . I ^ I c. -LaLiaLI Lyophilized ,\ q >^o J ^ n j aa^-sJI j-o oaLc 

f 

I tl I C ^^LL) 4 t Cg^l I (j ) l NU j 3 a ^LA^AJlJ (-Li IjaLLaJLO jg *\ J 4 LaI _9 ( J^_>t_5L5JL-0 J \\) ) 

« J^-o^j-SLI — o 100 J-Lo l-j^-LLaJLI j_x_$jjlII ^1 j lo ^ II pUL) ^1 TE ^ ( j_jlavLaajJLI o-L^ Jj> 

4 jJ_o_ 2 a l_jIa^j Vortex -La LLI j L q-sjljaj L aja^aIlJI ^j-IL I ^ yj o ^L3 _jj_La Sjg 

j^- _s 3 j_) l-Q I ~) ^jl obg *\ 1.1 Q.\ I d <] 1.1 d bi a i II 9 . CJ 9 _bJ! djX jj *S 'i 11 J.-J.I 
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(J — cLj 2_) ^ pLL^_>) ^1 ^Jg-J jjlg-Lll lLOj^ . L^Jl -0 (J t 4-J g L jj jljLQ g-*-S^ 1 jJLj ^1 jjlgJLO 

lt- 1 ^ J-S" <59-^ o lj_j^_>tJLjL5JL-o gl JjJI^o J_S1jjjlj oljg_5UJ oL^AJI jgjJ ♦ PCR 
J jl jc ol *g ^ II do& jLs Djj^-SUl J_cLij J^_jJ_> ^^ig . a , ij J *Cg t j J_5U J3-0 ^^-Lo 25 .10 .2 

ol,\ Q 7 11 0O& 4 _il_v.u Ljjj 1 jg Sj OO&g jJuL-gJJ ol_jg_j) ol,\ V <0 J-^-sJ 

. OjJg_SU) oLjj^ 4 t Q t d 4-1 ^jjjLjjj^I J lg_-0 

4 A-X 3 _>t-jLl I g soJ) ol \ \ <g C plj > j 0 4 -LjLj j 4 -£- jg-Sj ( 4 _Lj LsjjlJ I ) dNTPS olg >tJL-UJuOg 

j) I <3_^ . Dj 0 J ^ ^ A_> !g J cLLd DjHL_2__5^3 oLl 4^ ^1 |<3 _JJJLj 2 j dU-Llg . Djj_5Jl1I 

3 dNDPs Jlt^Lii Jl jjjj L_Sgj_lb ( 3-L-> 4-Og-ll L_Sgj_lhJlg j_3t_»JLJl oLJ_<3_C 

. L7 _<rjj^l ojjg SHI J cbLiJ ^ujJ^Lo j^-c 4 _jjl_>^lg ^uHLiJI ol-ijLjg ti I %.oJ) D-L^g dNMPs 

— jl_£> — ?g Tris j — O Jg — O ^ — Lo 10 j — jl-SjJLj £( 5gl J I (j HI ^1 VAJ gl JobgJ ilLJiJ 

. 8.0 -7.7 



gJLSHJI 4 _jl_j Llj oL^j^I 

l^o ^ lg oLrjjXI j-o -i_j a_slJ I ^LlJI_2_q LoU jg SH ^oJl Mg g_& oljg_j^l do& |<3_&lg 

jg_j| j 4 _sol_> OjJg_^ oLrpj JI_<3_2 JLjjjI a ; r ^ i r LsJLjjjlj jl j_ 5 o*g . (DNAP) DNA OjJg_^ 

<2_Ioj jIj_ J Lo 4 L C 0^1 il J^A 7 ) ^ DO_<3_2JLO Dgg \^A ) j^_>^l J_<3_2 JLjjjlj g . Mfl j-juL2jJll 

. DNA Djjg-^ 0U3JI pLL^_>l j-0 AjjJ j_jlJl_2Jl 1 ! ow ! ^ j! j| DNA ^ 



olujJ^I 

L^) ^ 1 —$; lo, UI> J— ej— * OH 5 — SJI ^J_c_c j) ^ g N^A gJll J 1 NM <0 j -0 g a 2 aJ| 

f 

4 I r ^ ( 5 ^HI ^g-3g-SH I 9 -^ J-cLj-lJI j_^g_>g . 4-x_il 4 Ih 3^1 J->b J \a i 

f f 

RNA j 0 4 jg-Sl -0 4 jj-l 4 qJhJ^l ^ jg Sj D4 ^g L^jJLLjg I g J C pLl^J) I-LaJ ^1 

c 

ilaj jjj) ^ Lc a <i_l_£_o RNA ojjg jI 5 a> I) Primase a JLs^b £ B -9 

j_c ,» o j 5 _SLj 9 (Single- stranded DNA dependent RNA Polymerase) DNA 
<3 RNA ol cyj) a > ! ^ & Primase ^j — >j jl a a , h j-l ^so ^ ^ I ,o ~ ■ d-J-o-c 

^ r , ~ 'I ■ o JlU-Q , ~ i lIiLSj ni II ,J_^9 ( j_4 ^ ", ^ I f I <3 C j " Q. J 

T 7 gene 4 Protein 
T 7 DNA Priming Protein 
T 7 DNA Primase Helicase Protein 
T 7 DNA Priming Protein 
Dna G gene product 
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Dna G 

Bacteriophage T 7 Gene 4 Protein 

DJj ai d-Lij ijjXI ^11 ■ ~ij 3 ~ li Ll)l (jdl 2-1 A \ r I ml d .4.1 A pi^ ^Sg 

pl—O! ojLc) 9 ) ,>; 9 -Sj jjJL (SSB) Single- strand binding proteins 

c 

lLI SLoi « 4 joLD 5U) ol <j_jL DNA £ < I ^ 4 dx}_ 2 _} ^L_ol) 4 QLjg . OJjadJ 4 

f 

l<3_<3 — J 0 J 9 DNA j — O 4 — do>jL>* p^d^-dl j5_SjL9 AjljU 4 <3 In )^1 ^ Lol . P^d^-dl 

f 

j O 4 sj 4 jljU 4 < 3 _lhJ^l ^ 04 ^ I 1 I ^iUTU^ 4 \ \ Q Cg JoLodl Jojl_L> ^1 l_qI 

. — Oj_$J JjLojj l_o_^ — 4 _l_2_joJ1 O L-L< 3 _sJ 1 

c f 

4 o la iV I . djj_oo DNA ^ \"d $J j) ^LlJ>* OjJg-SLJl d A ^ C j|_Q 4_xjb d Q y. j -05 

4 ko9l_Jl ol Cj jj Lb 4 ^_cl ou^ HgNC3SGS 4 \\<yi J_Q oUpj 4 _ 0 -^dl D 4 ^_j ^ 0 J dj^-oLl 

oL>.j 4 ^_> id g ig ( LoLoj ) TopoisomGrasG oldjjJJ 

f f 

4 loj jolo jLs PCR Djj^-SLJ) JoLo ^^9 ^1 4-oU 4 <g In )^l ^jl_> Lol < 4 J 404 L -0 

^ u4l ^1 Ojlj 4-1 jl q 2 1 ujLj jl 9 DNA oLbjJ- pjj <? o d-Laj—ijjl ^Lijjg d_>gjj_LI 

^Lil o^j— 2 -I ol^g—OI j—o jjjjlII plj_>J d J-c ^aij Thermal denaturaion 

. J^LOI 

~ f 

JI_ 0 _ 2 Ji ol 0 LI 4 3 ^ ol 4 9^ < I olj Sj L< 3 _^ (juLo^l DjJ^-SUI odjjj 4^-SJg 

j-o f^oJLg < Escherichia coli Lh-SLJI ^ op^-SJI ^jjI jo> Klcnow ^jj^I d 4^ 3 JoUjJI 

j4 — 2 _J — 9^Lj 4_IL<]_S_jl — ol jl ^1 j — soLU^ ^1 — olJI OO 3 JI ^ ^jJ^I L^-04O ^^-^1 oLo4jLI 

C f 

J ^ 4_j I oj ^ Ljlj_> 4-uj-l d r±\>\ J^l |_> 4 _>^JjJLI ^ j) I o ^ Q « oLs^-sJll 

xdLsI joj l_o>5 I 4 J E. COli j LiMjj ^Jl ^ 5 ^ 3 ^ ( 4^5 ^ooojJI oLJ_< 3 _C j-o ^ ^ r I \>> 1 

Sj 4-i-L< 3_2_1 I jLs dj^j 30- 20 dJIo^ Lo,\ < eg dj^j J_^ 40 ^jj^l j-o 00 

dUi I . 05 LJI djLJL< 3 JL>l ojLj j_c ^Ljo_ 9 Jo Lodi JojJ_> ^ L^-j! L< 3 _^ d4u^xo 

C j 

jJ_S! 5 ) p 90 <du>)d-j g_ ujL- t l oL^jjj gl |_) L< 3 - 2 JI_uj I d— ujLq iL>-Li-l Cjjia 

Taq polymerase 

,L_ai a^sai (j—c I > 3 wJ ^ai Taq ojj^-SUI ^j->j J-o 2 < n»l d_>LJ-l d < < h lg 
. ^"liO d_d>jdj ojLJ-l j^ljIjuJ) ^ g_<)jJ 9 jlu-aj ^^1 Thermus aquaticus ojl^OJ 
J-^> ,<pX^ • (■ 0 C I d I ^jIj^J J4 O J-cLodl pl_C^ ^ c, \ 7 \\) j ^ 4-J Lg-2-L-O I g 

4 j o j ^ tg < 4_Cj ou |< 3 JLj J-C Lodi j) L-S-J liO >5 ^ 72—70 (JO ddl_C lz J-Lo 4jIj_> 

1 4 37 - 25 ) 09j_2_J) Djlj_> Jd -0 4 * lolg Djlj_> ol_>j4^J 4_dol^ 4_dl_2_9 ^jl-9 4_ii L j 

f 

j>a ■? , ^ OIO J a I a 7 tl U , I il \ r j \ •■ r d_jLJl_ 2_9 I \ ;j jl j— O dj| ^ '■ 2 J 
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j — o I — ol I — >pJ 1 jl — L djJI L7 — Lc ^ — 5^1 < iJLM d-L^ jjJ J-cUjlII l 7 _Lc olp3_>tjJ) 

c 

. I \ 9 ^Lpj jp* -L_2 _j E. coli j_0 3 1 4 -J_\^^l Dj jLs^ 4_0 

4 jjLSLoj -^cl ^ 94 —90 ) jj SjlII jp m-J) J_<j_>tjLj ^iJl Taq ^rpj JL<3_2 _ljjj 1 jl 

f f e 

j 2 d)j ctfl D 4 ^J 4 J^L> Dj ^_>1 j-QpLj^ u *\ pLogJgl J ‘N \\\ ) jpf- jl Dp 3 *\ II 4 t 1 <j r J_ 2 _> 

dJi—S'j a_^JLc i_i;p olpp J I_<3_2 _Ljjj L Lgdj) ^ o m3 

Jj C ^3_LdI JL £^(3 Jl >G_I 1 j-0 J-Lfl-J I-J3 4 -JLc 4 _Jj ) p> 4 ->j-p P^jLJI 41 JLLdI 4 tl I <3 C 

c 

DjLpj jj >1 DjI PP3 4 \^A \^A >jJ) j-j_C ^GlpJI j_0 J-^U-dl ^LJL^ 4 - 9 , \ ^ \ \M II 

4 >t_pJ t> Q A tl L * tl ^ tl DNA (j— O 4 L3JD Jj-LdI ^-0 |<3 JL a2dJ j^O j ^ Q l_<3_^ < J_C.Li.Jl 

f 

dijUil a ; r 3 , ^lJLsJI 4 LjJj_L) oLpj-Jl a ; r t Q a ^ tl 4 Lj pi 4LJ3JLJI l_jljl_^ I pJ I J_J_iijJ 

400 J_ j^ij |<j_p>t PdJL JJ E. coli L pp j^.Li -1 Klenow D 4 ^» 3 _I) l-J Ls-aJLjjj I jl _9 

. d a_c l_9 3 L "n 10 ^ 1 ^ ^1 4ljpLl^ J vai djIj_>JJ ^3 L^JL) Taq ^rpj jl jp^ < dd^cLq 

; tl j g_2_J) jl_s jjLm J *\ \\\ ) Dp 3_SJI oM_cLij ^ J_<^ ? \ \w II Taq f^pj ^[p-o j-09 

^1 ojI II ^3! uill j2d 2_j ^^4^3 . ^ 90 £jlp> 4 -^jl-qj 40 L7 Jl3_> 4-J (Half I if 0 ) 

J3 Sj 4 pil 4 0 Id 3*1 £jl > DNA ol 4 _Lj 2 _cI v>> A jl « J J I A t 1 1 j_c LljL_>t_»JI 

Proofreading £L_p>t J^ijJI 4 <i \^aL> ^1 4 _j^ l!_Uj3 ^LxJLc I j > Q I Ld Tl O^-^JL -0 

C7 ^3 < ^p>r ^it l 4 J <j-c plpp*X t0 nuclease activity a II ^lJLsJ c ^3.$: 

j3 Sp l-ip3 ♦ jj >^l LMi*l ^3 In ? >0 ^1 ddJLsJI Dp 3_SJI oLrpj ^ djLc Dj_ 93 Jl 1 I 4 <i vaLU 

c 

lLU,\ I « DA_C L_S 3 I tl "N J3 Pa ) 4 7 Pa g> J-SJ D-LJ>-l3 DA_C l _9 ^1 J VAI3 opj (3 I Pa TL DA_C l _9 ^LoJ 

Di a j 3 Sj ^ 4^93 (Identical) ^L-bUp-o I ^ i < I 9 (Matched) ^u3J)3_lo ^g^I j3_Sj 

^a r I q 4_Sjl ujuo jl il ^(3 lU Sequencing ^Ij Jl 4 * I ^ r Dppo 

? <■ 

4 t tl ^Jppjj^l 4 -jl-J-C L-J-S-JI j ^ 4 J \ *\ \ 44 >l 3 ^ I £. 4 _LL^L> D 44 >l 3 

c 

. j-o J-L^l l7 _L c ^(3^1 -Lj-ii djLcL L^,\ t r g \ 4 ti lILJdJ ^\-jl-> \^a Jl ^ipi ob 

f f 

Mj — O I ^ ) ^1 — o — c Pj — > I ^ ti 9 4 _L>j — 4 — >Lpj 3_^ ^rpJ^U jj — >^l DpJ) jl LqS 

d^cI jjju ^4 II 4 13 1 *\ tl J_Lo (j2d)j_c^I (j2d_2_j ^^9 D-ppLo j3_Sj D-Lib jl 3J3 A overhang 

4_Ld ^13-j I j-SLr ^pJ^ T overhang (59-^: 3I J-s J JLq-sjljjjI 

f 

ilaj—siXI J—oLSJJ ^l_>jl.o icj-sjju ^ Topoisomerases 9 Ligases f^JJ) oUp! 

. ( JiLJ) ^ ) T “PgLJ-l ( 5 j -^^1 A j_o 



-^—do—flJI jIjjlo) o-« 09-SJj ^pJ) Overhang ^LpL oP9_SJI oLrpj Pi. I jiu GD3J1JJ3 

LP 3' ^p^JI A j-i jj^l a \ r I a jj *C'i jPXI L_jJ-cl ^P 9 d_> 9 Jpl j4_C d.i 1 A-gj i i 11 



:,PI 



P ^-^ 5 _o 
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5 ' -ATCTGACTA-3 ' 
3 T -TAGACTGA-5 ’ 



09 — ^ £>jL_c 9 5 '-overhang 9 ) 3 '-overhang Lol J] DNA u ^ ^ jl j_S 4 9 

Stickt d a -nM l I oLL^jlII - oil la uij I aJU-l . Palindrome oj_Lal i i o 

c 4 cl^^J) J4 c 4 sJoLl!) ol j-o djLc oj^->^l3 Cohesive 3) 

: ^ £003-0 Lo_^j^_ 5 ] 4 _> 5 JjJLI 

5 T -ATCTGACT + GATGCGT ATGCT- 3 T 

3 T - TAGAC T GAC TAG G C A TAG GA- 5 T 

. 4J3 1 tl J_Lo DjJ^-SUl 4 ii 1 <g C 4-34 ^-iJI oL-Lq-sJI ^ 4-cLsjjlj i i t 1 jJlJ 1 044 b Jj-03 

~ " c 

I g)j 9 j\i \ •■ <* j ^ a * (jj-Sl) ^iJI AmpliTaq Gold Jjlq oL^jj cj^ju) a_s 9 

nuclease ojL^i) ^ ^ ■? ■ ; U ! l dOug E.coli ^ ^iJI Recombinant AmpliTaq 

. ( 5 ' to 3 ' activity) llLLt j_SJ 9 ( 3 ' to 5 ' activity) 
c.Jjjl ^iJlAmpliTaq j-o 0330-0 3) oj3_>c o 4 a q 3_&3 Stoffel £glj 1 llUj j_c M ^ Q3 

(N- 4 juuupyi 4 i-l 0 *> > ol (j^A ol > 289 J3_L^j 4 _aJljl- 0 ^I ^aA pig— j-l ^j-0 4 7 1 a Q 4 Jl -0 

f 

j — )j_s j — o ^ w)lg ^4 — r J — 0-243 (j^uj — o ) 9— oj Ij-iL jJ.S'l terminal) 

^ 5 '- 3 ' nuclease activity 4 M LsJ ^1 j a-? a j 9 J3-0 ^^jLo (10- 2) ^ m ; ? I I 

RAPD 3) AP-PCR 4 _jlj 1 3 sli-sJI ojj^-Sbl oL-Lo-sJ LoJ^bo 4 l-lLs_> 04-&3 ( 4 _lq ^jjljajJLI ^jj^l 

^ 3 t^ , AJlL_£. J_S! aau ol JI3JJI j— 0 0^-2 JO J_Lo_S I ^ * Q pH AQ4 ^l^iJI OjUll 

. u 7 \ t Pa tl ^jJ^I j^o j^-^l ^-^4 g> a2aJ ^Ll-LL^JI 0-Ld> ^jJ^I 

4 — 3 -Ll ->^0 0L2 — 1^-0 I — 4 — 3.L13JU 44 LSj — jIjlJI J-^-S j-O oj 9 j_L) Taq ^rjjj olj \^A >t 4 -JJJUQg 

j-j,\ a ~) L-S^j-Ib llU 4^5 < ^jj^l I ^ \ ^ Formula 4 L *\ nn 1 1 llUj^ \u II j^a ? ) 

04^_>5 2.5 — 1 i yu ^Ijjj L^j ^ gJll IjjlJ I jLs ^5_<3_2JI ol 4 ^_> 5 JI ^LlJLs-jiJI 

. ^LUI J54J-I ,\\ c L-Qgj Pa tl (^-sb j^_S J Lq,\ i C jjJgj-SbLo 100 — 50 J_cLij / 

TopoTaq 

(Topoisomerase) DNA LJ l^l^JI ^34^)3 (Taq) DNA op3_S' j—o 

c 

uLujj . jLi^-cU oaJ^il ?L^^I ^1 ^>9-2-3 L7 _J) Methanopyrus L 4 j^l o- 0 j -^ 1 

j_o \ ,> J ‘n J-<i-2j ^jj^I . DNA d-Laj-iil J w-, q ^ Topoisomerase 
rO— JU-2 ^— s^jI J- \>3 £> J 3 . D 4 C ,Ls 3 LiT 20 ^1 J \aa 1 ( j_L^Ijl-o v>a GC j iuuiiJ I 

^^1 0^1 (j O 4 jlJI_2_II j_jl_^Ij_jlJI (J-jl-0 OjJ 3_SJI oLrjJ^ 4 -ol_ 2 _II O I 1 a \ "\ 1 1 j^LlJ 4 J^ ^ II 

< ^0344 jlj^I ,\ <1 03J-J3 SYBR Gold 3 SYBR J Lo DNA 4 Iaj \ul ^ j \\\ ^ (^lil ol ? < ^ II3 
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J Lo 4-jg 7 tl oLjiJll ^gLlJ LiU-^-Sg < ^.iJIg J_Lo 4 -a-4 \\\ 4-1 J_5 1 I I vajI fgLlJg 

ol jg-SL<JJ 4 >*_jljlJ 4Jl_>I jjjlJ) ca t tl 4 a 4 \ vaL> Jg_J>gJ 4 -^-u-lJ ^Lc ^ ^ ^jJ^U 

£-j \j O j— 0 Oj jjjLl-0 ^^-O^JljlJ- 1 DNA ^ |<i * ■>■ j4£^Lg . 4 -l-a-SjJ ^U-l^JI 

« Exonuclease activity £Ui_> « s^jJI 4 jJ1_2_S g i 3^ . I g "’ lj <3 2.1 SJJ_ 0 9 I Jj '.' *\ . 1 1 

QH-ogj Ig ■ a ^-ojI . ( High Fidelity = HF) TopoTaq HF J_Lo <jllo oaj^J-I oLa-L-sid) j_d 9 

f 

d-^jLS-ol , < l h r j: *M I D U> 4JiJ . oM_c) o j 9 ^li! L^X) ^ ^ux-> n^a ; tl 4 _u_\^L> lLLLlt 
^ Pa q ^ I c ^jlLUJI 4lI^ , Taq l-sLs—^) j ^ ^ (39^-^ ^ ^ 1 1 1 j-o 4 -jlJLc 

f 

. d4^cLq g-L-S^ 20 ^1 J DNA j-o £jg_>) j-o 



Jl^ 






^Cl 



14 — Jg 



-L^jl. 



JJ 



Faststart 

1,\ > ^lJLc oj)j_> ^1 ^-LJ) Taq oLn. A juo «l_>) 

. 4 * NgJI £Lj)j_jU oL>j4JI ,W C OjJg_Sl!) 4 -jlJI_2_9 



pfu m 

I . \ > 4 jlJI_C Ojlj— > l— )L>g,\ ) (JAJLjl 2 J I) I jl_S1j^| (j — 0 J^A I >_d mj OjJg S^ 

i j^g-sJ ?; su l Pyrococcus furiosus (Hyperthermophilic archaeon) 

N^A ~\ tl 4.JI ^ (59 — ^ , 0 — d 1 ^ • Ta d (O-ij ^ j- lo i I) 4 9^JI 

. ojljJ-L Liub 3' to 5' nuclease activity 
,JLc_ 2 Ji_uj( aJL> jj-o J-dl j 9 Sj d-S-L_II gl t-> -^Vl jLs ^ ~ II ^ L> d_> . i j 9 

^l 9 Li^^J gj 4J_-0 LxJlJI olj n^a >tJL-Ui JL ) g « 4 jg_L 5 LJ) ^ J_ 4 _ 2 jljjjlj llLJjJ Taq 
4 7 1 a Q ^j3t \^A ; t 4-^-i-Qj 2 — 1 ^1 ^IjL^g 4 ^ Pa ) 4_LiJI-S--S ‘ D4^cl_9 jg_x_Lo 1.3 J-SJ 

o £ 

Sic ^ I r Blunt 4 -J 34 ujL-o oLL^Jlj ^Pa ^jj^l ^jLijg « ^ 72 4 _>j.ij d^^cLq l_cJI 

. UjLjj j.S'j LcJT ( overhang ) Sticky <l> $ ■ »■ ^ ^ 9 I ^jL^j ^iJI Taq ^1 

. Taq < 3 _c.j_uj 9 Pfu d_sj ^ I ( J 9 _iyii_>JJ Taq j-o Pfu ^y>j ^-oaj . ~ <Ij >>< ~ will j>< •p < 9 

c 

p^j)g Jl oLjL^j llI SLcj jl j—Sl^ 4 ljLq d^LcI Dgg^lll ** i ** 4-jJLs-cJ Ij P^ jg 

^ o' J* 3' L^J LcJI j o 4 jJLJL^gjJLlJI 4 clg^cJI (Jlj — >9 J-cLLiJI Pa A >- ^ ^U_< 3 _SJL-Ul-l I 

oU.^ J_skl l ^_Lc ^JUJI 2^0 ^oL£jlU ^lLU JI>j ^ ^ o^Li 15 

jH — C ^Glg_J ^ — Lc_ 2 J j) j — SLcg ^ — L>lg — j^c3CLj jg — S j jl j — Sir j — SJg 4 ^ P^lgJI Djlj — i) 
j -0 3' L-Qg Pa tl jg SI C-L-uJv |< 3-4 s^A ^ P^jLJI jLS^ lil L-04-3 P 9 — 5^ JLi*l j|jjJ -L_9g 4 \^A \^A AtJLQ 

f 

j_jljl_T J-Slg-O 4 ol v>>j a ; r ^LsJLjjj xdLJL> (^-^g 5' c Qj Pa tl ^Jg J -0 (J-oLSlco p^jLJI 

f f 

LlI S4i) ^^jI Jl jl 9 iJU-l oi-ji ^j-i-l jialj-cX 9 I dug I *S II j^jJzJ a ? t^il g II oUjjXI 
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lo I >j[ It j ^LLx ujlJI dj aJL ) q.\ cis PCR ^g)^j pl_L^_cj -l-cLuju ^ L_ 9 g_sjj 

j_ju) ^1 ^3—5 L7 ^J) p^jI Jt 3 ' djl ^ ; T l Phosphorothioate bond o^J <iiL^L 
Phosphodiester bond o^J j_c o j5 _ 5 rii) l q h^ g , » U a t l ^jJLsJ 

. 7 J *\ \\) tl ^ 



HOCH2 B 



kd 



6 

-O P^O 



HOCH2 B 

kd 

O 

-$ — p=o 



O CH2 B 

■ Q ■ 



td 



O^— CEb B 

d 



OH 



Oh 



Phosphodiester bond 



Phosphorothioate bond 



— s- 

d ■">! a my a tl ^l^j) : 7 jJ-Sdj 



d i_>jLj£-l tiaJLs_<iJ ^jajLuj) ojLq jj ^3 (jl ^ I X du^-SJI ^ I du^Li') 0j_kiiXI jX 

^j-j) aJjUJ Jj-cX) J M ■g 7 ", M ] jjLr llUIjj . Pfu oajLsJ) Exonucleases 

J-oLllII ^jl9_i JJ3J X Phosphorothioate bond d-sL^ . Pfu 

. o L-Lo-sJ I ij_o L^j3_c 3 ai9_LSJL d—^Lil olujjXL f~i ^ ^ 1 1 oL_Lg_c 



Vent 

oU-jaj J-o_2_> Thermococcus litorolis j-o ojJ3_SJI oUp) ^-1 

ppXI . 3 ‘ to 5 ‘ nuclease activity >^-t l . >-^ 1 ^ ^ Pfu ppj ^ . >». <pJLc 
Blunt — CUt ^3 a o (J-^b ^loaj jl j *s c C3J3 *\ II J-cLaJ £G)3 Jl! pLuj-Lo oLL^J 
^ ni *S V II £U JlSJLjlJ) 4 _Jg . 4 _jg. J_SJ) oLJ_o_o Jz ^jI^iJI JU v-i vul sJL> J> vector 

. RNA j-o dJ-L^ Mn ++ oLjg-j) Jg_>gd 



jj^l ops-S' oLrpj 

f 

j o 3 £3>9 Pyrococcus woesei LdljX) o-o q^L>^_uJ.I Pow Jj_o oUp) dLd> • 

. ( 3 ' to 5 ' nuclease activity)^. Jl_> ~\ Jl 4-t-Lil-Q ^ I c *i_) 3 LJ - 1 ljUjJ^I 
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: LaIj^ ^ oUp) gLuX oLajJXL ■ ■ <~M i H p dJJi jj_c M >>> 

4 ig ; i > ppjXI Thermus thermophilus Jz op 9 _SJ) ppl j_o \$s> pjjj rTth • 
"■<,1 1 g n,;1 1 f] cDNA c\ UfV (RNA PCR ) RNA 6 p 9 _< ^_Ll a p l,U 9 

oL>jAa A-iJ-g-S-} 1 oaa£ o 9 A^- \ '■ r Q . (Mn ++ ) j » ; ? ; I I obg_j) jg_>g_j Reverse transcription 
. D,\ <3 7 11 l-jljl-^ IjJlJ I oli RNA ol_Ljj_> j -0 4_jlJI_C a cl a Sb cDNA ^LljLj ^ q nu 4 _aJI_C <dbjlj_> 

j_jlJL 2 JlII oI 3g_}( l-jl L> a ? i rv\ 4. j) j *C DNA 4_C_cl J*b-Og ^ tl p ^ 7 1 1 Lol 

J,\ 7 tl g _-0 Jgj 3 jl j__SL^ <3 J^U. d 5j|j J jlJL >^0 ^ ( IVI §CI 2 ) ^g 4 — ujl-LS-II obg_j) 4-9 I vAjg 

. ^jjL>tjJI 

i< 3_<3 j^-og Djlj_il j cjl jbg I a % ^ ^ 3 ^ j_SL!g d^I cl ^jj^l 4_\_\1 ij rTth DNAP XL • 

(XL = extra Long) < d^_cU 0 L<s 5 v j—o J g k Vl RNA 5 DNA j—o Lil^Vl 

j 9 j_j 9 ( ( X 3 X to X 5 X nuclease activity JLpt \^A "\ I t d JLLo 4_jlJI_ 2_9 ^ g— >t_ a— I j \^A >aQ ^^Ig 

^g ^ (XL buffer) 4 l_j j^cl_> p^jb LiU»^_$g ^Lcj»j_L^ ol»^_ 2 _-o g-o djLc 

f 

j Sbg < 4_bg_L^J) g-L^-ilJl p * aChj ^^9 -L_ 2 Jg « DMSO g Jgj \\i * I *C tl ^ I C 

f 

^1 luI_Lo 0 -L.C j -0 g_k Q p a 2 aJ ^LoLsJI OjJg_5L!) O^LcLcj jl jLljLC^I j-LxJlJ -L_>^| 

jjlg_3 C J \^A >t-A_Q 4_bg_L^ ^La <3 tl jg_$J Lq,\ j C g < -L_c)g_JLtl j _-0 l_ 9^^1 j -0 J-x_Lcil 

f 

. I Pa T[ ^lJL<3J_>) Oj|j d 7 La tl dJIJo L<3_L^ LlJJ-LJg « ^jj^l ^dLCj—LSjg 4_9-^JI 

f f 

<^j| XI Klenow ^ j_o ^ q>j iS\ ajX ^jjXI J_g_ 2 A_mj T4 DNA polymerase • 

. LaAAjI v_iLlA-J 

. L^_j| a ? >g Ljj L^- cjIajaX! j^i v t g—iAS^A (IJ^aa?-) ^JbJI JjaJ-Ij 
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L^jl Q LjjLA Oj-fljJiJl) oL^jJ^l : 1 J$ 



*i £ ^ 9 


cl 


60- 

120 
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Cm 

■ ^ o 

1 — 1 f — 1 


^ O 

T 1 1 1 












Extension 

Rate 

(nucleosides ;/s) 


ICJ 

t- 


o 

■o 












% 


Promega, 
Roche, 
Invitrogen 
and many 
others. 


Stratagene, 

Feimentas, 

Invitrogen 

among 

others 












j 

1 3 


H H “ 

%%$ 
a 3 J 

< < 


o 

XJ 

■f— 1 

tS 

Oh 








(— i 

53 

> 




95 °C 

Half- 

life 

(min) 


o 


O 

Cl 

T— 1 






o 

cl 


o 

o 
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*0 

A 
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1 


+ 


+ 


1 


i 


+ 


+ 
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+ 


1 


1 


1 


+ 


1 


■ 


1 


&a 3 
2r* 

Sj 

^ t= 

5 s 
£ 1 


tg 

G & 

g O 

l ~~' or''-* 

£ * 


Pyrococcus 

woesei 


cs 

““ ’—H 

^9 7“ 

^ C 

*£ S 


1 § 
— -~ 


i2 

^ i9, 

Si ^ 
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o 
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dJLiil j - 


J-cLijJI uig^Jbg Primers p^lg-JI 




^LoLsJI ol a Lolg-11 




c 








Additives oUL^II 




Sjj^SUI J-cLij 








oIj^aJI j.\.r 




DjJg_SUI J-cLijJ j \\i i tl 




DjJj-SJ) J-cLdJ ^ L^gjJhJI 




DjJj-SJ) J-cLii ^ SjJj-LI J-olg-sJI J_>Iaj 




c c 



J-cLajJ) Licyibj Primers 



jojJ . d o ■ *>> olj-ll - q s ^ II i t~> ■ .$- ^jjJI oLJIj-JJ d-Lg-SLo DNA cjL_ 1 I j_q j_Li_S 

,^-j I) RNAp^olj—J j)j_C ^ I r t_JUJ) CljJj-SUI I ^ I I C i ; I I 

f f 

d-j-i-l d_q_lbjX) £jl_> DNA <dL<)_ki_iXI PrimssG I ^ ; j 

. (PCR) 

c 

a^aJs p (jl a^ao < Jg ^ >0 jLjjl ^ oLL-»JI aoJ^-q ^ ^Lcj^JII oLljlJ-I^ oLJI^jlJI £lgj | 9 

f f 

^ 1 ^ j o A JA^JL _11 ^ d jl_< 3_^^1 j o A oL_Ul II oli oLljlJJ J-O A_J A_ 2 _j) oLJI^J 

d jjjLo d >LU Sj lLUaJ 4 _x jjjIjJ i-iM j ^ ^ *C J_ j < 3 _SJLjjjlj L^JLQ j>> 5 L * II « 4 -\_ j-l oLljLSLJ) 

c 

d iJjL^O 4 _jl oljJ jAaIj L^-J Lq-S-Ljjj 1 jOjJlJ 4 _CJ^Jll 0 LJI 9 _L.II 0 AO> 7 > AjaJs 0 jl_C^ 

f 

Ol I oL JlSJ^I DA . pL^JJ j-O Ls>jhl_C ^1 ^JljlaU jj-uJZ-ui 1 ^gj_uju 0 4 _ 9 j_ 2-0 J-Lo 

jl j C ^1 ^ Q 0 A^_jaJ -1 ol Loi-l A JJjljJ J_^ UJLJ DA <dLol_C P^jI^-J 4 _jjjLo 4 _>l_> lIILu^ 



j|_^ lLUaJ gjJ_< 3 _SJ— ajl .11 P^jI^-J) hc\ a K ^ \ r jt * J *C \~u i A^qJLSJ ) ^_3 ^1 A A ^ r 

p_x_<3 \^i 1 J_o_2_I idiJ 4 oLc O IjJLjjj j jl_£j ^1 4 — sjjLo 4_>LU 

1 C A q_L2J LJjL qq *\ i I JAo>c^ ^Ljl_>^Lj^A 5 . 4_S^j_2_-0 j^-C oLJI^J ^jl3t J ^Loj^U) 

: L^JU) DA^-C 



^1 4 JLLa ^) 5 pi Dj 



jL>jJ 






ih 



J -0 d * S Qg IaLjj^I oLx_$j_> • 

. DAjA^-I A^-clr) II 4 -i Ls^j 

. I ^ 1 5-^0 l!_LIa^ 5 ol-L-jjg < I ^g-u-LU Mismatches j 9-^s p-^c ,\ < c luL>5JjJII o^_»j • 

^1 llUj ^ dAildjq p^^LlII p a_c ^-LaLlX) ^^- 1 -^- ^j- 39 -SUI • 

. Mismatched duplexes ^9-Sj 



p^jI^JJ ^LoLsJI oLLj^I^JII 

DP5 P^jI^-J p; jl o j ^j2aj_sJ AD I \^lg II ^j2a_2_j lAjlAZ-J^A^ ^LoLaJI l— ) L^J IjJL-UJ^ I j <j a2a 

: luIaLj^j^I^ ol Q N^lgJll D-Lj^ (J-O9 

C f f 

pL_>^U ^ jl o I j t *C I Sj 4 jljLlII ^J-La Llx3_U p^jI^-JI p * o • 

ol JI3JJI ^ l_^2 Ll 3 - II o^ttl uiJI j o ajosJI ao^I^JI ^ o_>^J (^Alil dI^jlII 
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J a ) 4 flJjL-SJU ^l^jJl 4_9g_2_*0 | D4^_C , \ i 7 Q dUiJ 44>lgJl j-L4>JJ ^L_Jl5JUlJ L 

. ^ULb-SJll oXMmJl 4 r g < 3 — >i^o pLc p^jLJI jl 

Jg4 £: jg Sj pg <3_22_J ) ^ I $ X *S Ig l^J ^ \^Ag-J ^^-jJ) 4 VA I) 04-<3> i \~\ ^ < P^jLJl Jg-lD • 

oLd m>lgjl ^m!>1 P^jLJI JgJc 4 ^_£jg < AT j -0 ^gJL^l l 7 _L_C 4 ^_o_L£j ^iJ) 04^_cl_9 40 — 17 

f 

^ 1 c IjI oJLcl 16 ^_9j II J 9 > jg 4 J p^Jg-Jl Jlg-lcl i J c lg * l-^_> 4 <3 ^ II J-olg- 2 _Jl j-og 

dJLu* M q o^Ljjl>^I 

T,G,C,A Lol D4^cl_iil jg Sj jl o^L< 3 Jl_>^I j-o 4\1 <i_JLoJ_>l ♦ 
o| v j -^0 ^gj b, \ t C j g *Nj jl 16 j _^0 1 4 \1 4_JLoJl_>^I jg-51) j^-> ^ 

).i *n <t>g AG , AC J_Lo 

09 S^ jl liJ 9 . TGCA jl^J! 09 ^ j! J> (4 4 \l) 256 ^ 1 j) iJU^XI JiU ♦ 

17 jg >g_9 Lili-iJ^ . j^^U 4 j — 0 1 J4oto ^I^jlj d-^cLq 16 jg_>g JLojlJ 

4-ljI mi -XI 0 - 0 ) 1-^- ^ ^ ^ jg Sj 1 Q A ^ 11 ^IgjJ 4_L<3 _SLo P^dLlU 04^cl_9 

4_Ll mjJ) 04 JL_>g Ojl l>4_t) pi m_>^1 iJ xJj I 4 JI_0JL_>1 j 4 j— L$1 jg $J 04 <3>g < ( 

J,\ C J-<] 7 \ mj 4 J_Cg . I ^_j (j^l il , \ ~\ \\\ II j—o Monoclonal antibodies 

(gDNA) ^^-o^JljlJ-I DNA U p^Jg-j ^-^jq wa *> I ( ^pjgg J *\ \u > 17-mer ol-L-xJg » I ‘Ng-.pJl 

^ I c Ijjl 9 p^J Jl J 9 1 ^ j 9 SLj jl llUj plj 9 j_-o ajLaJI^ « ^LjjLjlJI^ ^ljI^^I oLlu-^JJ 

j 9 SJ 9 c q a ^ i mi) DNA j — 0 4 4 ^ i jq L - J ^ ^9 J j ^ 9^ A ^ ^ o jj^-Sj 

f 

. I-LJ> 4-L-L-9 jj-i^l j-sl^u; 4 lI^LjjI ^lJLqjl^I 

V f 

jH j ) Tm jl^ miil DjIj__> j _<3 J 9 J sL p^jLJI |^_x_< 3 _mij J \r^> a ) 4-oLc pmcl a ^Ng 

Dpi <i^g 4 JLc 4 ti ^ j_<3 I-^j 5> jl j| p 62- 56 j^u ( l- 9, \ II ^IgJg P^jLJI ^gjj-o 

C j-slg-^ 4 Ld LlJj ) 4 jlJL<3Jl_>) j|jJ J 4-J ^ 11 jg II j_C P^jLJI jj_LD_DJ a ; rg . QA.l> 

^Jg_J D-L^lg ^LpLJLD^ggJL) D-LX.Lij P^jLJI Jg-l^ (j) 1^7-^ 4-0 Lc DA_cl_9 LlILlj^g . 4 \^A \^A >t_LQ 

f C f 

^ 4 — Q II (JU LSJ^I 4 — >1 P^dI — J l Jg — L d J-A-^ 4 A Cg . l_9 I 7 vaI 4-S-Jj I j^A N^A >jJI DjLjj ^1 

A J >lj a iN t 4 I|j 4 5Lj P^dI Jl Jg Ld jl 9 D^l cl J Si I o j^JI 4-9l ^jg ♦ P(5 j LJ) ^ ^ 

j_0 4-j-J 4J I j_C N \>> Q < ^ I 1 1 j_0 4-jJ JgJmll D J Ljg j Li d.lfg Uniqueness 

Nucleotide mismatch pg^b — II p4 — C J-0_$- ^1 jJLo_L 4^I D J Ljg j_SJg < jg_SjJI j-U>t^JI Og_J 

c 

i_i k^j LjJL c-i— ullU ojLj jl jl ~ II j— ^ L j-o jjLC iJ-SLxiu tolerance 

. £1141 j^4_!4LXl Jl 
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.1 Ll_ l.\j Lo_^ oL>j-iJ) L_jLj)g_> -£ j±jlS J *\ \\\ ) ±jqJL2Lj P^jbJl Jg-L^g 

Jg_L4_) P^jb JI_<3_2 _Ljjj 1 ^b_o_Q 4 _j^L> lU^L> ^ 4_-0j^ jg Sj 4_bg. Ul 0 I J^UI 9 

f _ 

J_<3_2JLjjjlj j) j-Sbfg 4 d b St_JL 1 ^JgJ^l L7 i <LbLo2JJ oLljlJ-1 Q-lj J— jl— i— <j_I— LJ 4_-0j^ 04^cl_Q 35- 28 
: J_Lo L-Q,\ tl ^Jlg-lil ,W C ^Ll^L^I obog-i- 2_-0 j_9g2 , \ \ C 4-bg lo tl P^jlg-Jl 

. Motifs ol a » lo a tl J^Ljjl jJlg-o • 

. oLjLJ) j_-0 La>y_cg 4 7 lobiJl olyjj^l J_o_C j-slg-o • 

A x *L A A j-0 1 <3 jJg LL^Ljjl p^jbJ) Jg-L^ (jl 4_9j_2-0 ^ ^ jA * II j_-0 jg S^j l-Ljg 

f 

. ld! 0 \«olg-ll ^ LbjHLibg 4 t t t vgjJLlJl 4^clg_^JI j^o P^jLJI obg2L_>^0 

j)j 11 DNA oLJlgjJ 4_LLiJL) 4LiLJ)gj ajj_s P^b jLj-> 1 y-o ojjg_5b) A A c ^IJ>^ 

— 50 i yj— ) jg Sb ^b o Lo 4^_> ^1 C g G j-o bi>)g_L_>^o cobj P^jlg-Jl ^ J \2a ajg . 4_<j-i*r a2aJ 

^j)g ) JLo_ 2 j jjj) 4 l c 4 j^b> Inosine j o I fbL> jg Sb j) L_jL_i ^IgjJ) j) Lo_S^ . / 60 

^ L_sg jjj I ^ ^ 4 ; o g_Li j) l_^ Sequencing primers j) ^1 ^IgjJl ^ opg_SJ) 

. 4 1 1 vo Q ^VjLlJ ^ to 7 1 g) J_o_2J 



: Ojlyi) Cjb>jJ 

J-I J jL^ Oj lj > J Lo Ojlj il >-j J 09 jl £ 

. (Tm) melting temperature jl^ w-v^l ojlj_^ -^-^. ,\ v > 9 . <Lol_c j 9 ^_^ ^80-55 
. Tm j_o oL>jj 5 _) Jil ojLc j 9 _Sj L7 _JI (Ta) Annealing temp ojl^- 



oLl 



- v V V 

JgJl) i yx) A_j A_ sJI -iJ-lb- ^ hj4-L^ 4 II 0 ft) 1 3' g 5' P^jlg-J) cil^X : p^j)g_»J| 

. OjJg_Sb) A A ^ r 



^j_j^l I a * j il OjJg Sb) J-O-Cg A qI \>^\l t 4 _u_v.vl-L 1 b t olUtl ^jI^J J_L C : 5* i Qj to tl O 

4 LCg « l_Ljb 4 JL_9 5' l_9j_I^_ 1 1 (jg-Sb j) P^jbJl ^b-ig . PjyjbJJ 3' 4 j I ^ ; 11 4_9l_L4^b 

I ^_J (jg-Sb ^ (^7-^1 4 7 loUJl olyjJ^U j_x_<r ^_s)g -0 J-L<? 4^c)g_Q J-Lo ^JL_sl__L4j A_clg_9 4_sl_L4j 

j) ^b o J cl a \ tl ^gj Lc ol^g^JLil 7 > b^,\ i c < p^jbJ) ^IgJLj ^Lq^Lc 

>CLll 4->y a ; r o)jg4b) (^-^b ^JLj ^LjjbsJ) ^I_>ClI( ob>jj ^g^l 5 - 4 ol^l 

f 

l!_L] A__J g . i » tl i tl j _<3 L4 ^ 4-\_9 1 1*24^1 a r lg A tl j^ljJLs) ^ I C L^_) buiJL> 1 ^<o_jLj ^j-^I 

Oy — >^l 4 — clg_9 oM_LJ) j _0 L4 C g) G ^ — Lc 5' L^_9 j_L4 ( 5 gbs ^4^i) P^j)g_J) j) 
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jH C lb j o J LaJ 4_siL<3_^ D-Lc3> jl j) L-Q.N \ \u 11 J-S^JLL JaLjj^I dpLl^ DjLjJ 



. 4 VA 



S*A t » tl a tl J — 0 4 J I ^ i 1 1 DA As fS^S J-cl *> 1 t I o ^ /> l_£jJa_JI j j Sa : 3* i_9j_LaJI O 
A^clyQ 6 — 5 jp ^ jg Sj j| Ja 2 d_j 1 jl_Q ^AA^C 4_JI_> -^3->9 ^ ; r J . Aj < tl J_cLij ^LxJlJ 
Djlj_$^ i » C^LlJL 1a & I) a a r A il_ 2 _Q j SL C jLjL_>^) ^jAa_2 3 4-jL^JlJ) j _0 DjH_>^1 

f f 

4 ILU DA & j o A S'LlII lLUa I < J cl Q \ II J \\\ Q ) jl jAd 2 a j ‘N tg ^l_>t_Ll^) 

I < 3 _^ ) JL< 3 _ 2 Jl lsj^I J_»_Q P^aLJI I C O^LLcJl plj->j j -<3 L_)^_JjjLi) £Uo)jA J L< 3 _ 2 _Ljjj L 

GC 9 ) C 9 ) G A^cI^-cJLj j) l-jl-^ l -9 j Pa tl 1 aa 3> jl_Q jAyo-AzJ) C 7 _Lc 3 . (Lc_>^ Dj_Sj L-JJJ 

I aIjjj^ oLL^JlU Breathing J_ 4 _L< 3 AlJ) JaLjj^I cjj_»j j Ayy 1 aa 3> j) j! CG 5 ) 

A LC j*A AA_J>t_L Jl) JaI ljj^I ^ I A-d ujl-o Sa 1a ^ t * Ilg-cJJ (Priming) JaI yj^l ^ 

j — o j— LSI — Sj ^ jl l_jl — ^ da — ci> J_Lo < C 5 G j-o J-S JaLjjI DyiLl IjJaj 3 ajL^jJ) 

(AG)dj-JJ 4_ -QLLaJI |^j_x Q l_j I SlAJL -^7 l-Qj 1a II Oy_L) . Dj 5 LxJL-0 4 ) IajjLCQ A^clyQ O^L) 

f 

. 0j;i3-X) ju_o_i-l -^.clf) a 1 1 

. Mispriming p^jI—JI -LLjJ I U ^ aJ_<j_c j_c ".I I 3' Liji^JI jl ^ li_a j_o 
Amplification # a U; t l <iJL> j> UA L . i ^ ^DbJI jj-C jL^kl ^ j_SJ 9 
pi IbjJI^ . I j I a j_LI_jM IsLjjjXI j 3 <j i! (ARMS) refractory mutation system 

c 

j L< 3 -SA-JJJ L 4-jl_<3 \\\ 4-1 LMil 5 ) 4-i-Ial.v) LljlJ 1 Lj^Lt) ^ olj Q Ia tl j_C k Q \ \) ^ I t J-^ 3 -SJLjjjlj j^->^1 

4 jl I o C jj-i" ^ < Dj_cJa_1) 4_ 2 -Ja— A-J l ^ 3' l^jJaJ) C j 1 'I 3 > j 4. j) , DjJySUl O^LcLcj 

I y A_C 5 ) ( + ) Dj-C-LaJ) -^3->9 3 -^ ^ jl j I ^ i 1 1 ^L^tAjJl jj Sjg ^M^Jl DjJySU) 

ol j 0 to ti L> ^ S_jlj_Ia_ 1 1 ^yLll ^J) 0 1 jA 2 _LaJ 1 4-uJJJU ^ Ia 7 ) ^ ^QaJlJ) !aa£^ < ( — ) 

4 jl_< 3 _S^ t ** a^_ja^>clI RT-PCR J Lo jj__>) ^j ->9 ^ jj ^a ^J) pyj>JJl i^Jlj llUaJ 5 « DNA 

. lu(vA2_IaJI 



: 4 — t-L> I A-I I P^aLJI O LJlgJ 

ol jySLo dI CLi^l ^ jl J-^l aajlII j 2 d 2 _J j 0 ^yl- 2 -) jl 4 -< 3-<3 11 P^jlyJ) 

c 

High o^ti % oljj_Slo <2Li_9 ^iJI p^jLJI ^I^jls . 5'$ 3 1 Alj_LaXI jjJl jl iAi-I^JI PjjLJI 



DNA 






■ 



J Jo?'' jjllj L 



LC 



oL 



_o< dj. 



4_II_o_2L_uj I 



.» II j U j| jjj-jjj repetitive sequences 
I9 ^ lo 7 j jl j_SA li-A J-Lo j-SJg ^^j-Lijl 

oljjAiL J I A ^A CJj a J j j <11 A3_>^ 4 _xdI_C aa r I ^ I \ ^ J-O3 * DAAlO l_QA^D 

f 

ol, \ 'i9iK9.il ! j— 0 j-jj) ^9 — =-99 TGTGTGTG J_U> ol, \ » ">9 » I ^5 _jliJ jIj-Sj -^ 9->9 

. jySj 4-pJ L-u-L-? 1 
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j oj LSI 5) o^Lj >3 J Lo Runs ol oLs-ii) j o 4_L3_L 4 v L q ^§->3 l_ i.l£» Lo_S 

J_S ujl) p^jLJI I^Ljjl ^-^_c ^1 l5 j 9— ^ C s 3I G s j 4 jlJlJlJ) Jj-LIoJU C 3) (GGGG) G 

Primer dimer pjjLJI oU- 9 jj-o j5 ^Jb ^ ^Liij 3 ' ^ 1 ^ ; t l 40c a^>L> 

f 

I3 4 cl^-Q j3_>3_j wi j djLsJI ^3 J-cLL’lLJ Yield J_soLU 4 _Lq ^1 




: CjL> 3 Jj ^0 

04 — & JJ3-J3 < — A) oL>3Jj_o j_J3_Sj ^1 jl j_ 5 L p^jLJI 0LJI3JLI dLjJ^I j) 

. luL>3jjJLI 04 ^_& PL43 0JJ3--S loJi^l oLj3_S-o * p 1 1 ^ ~ ^ il J_cLiiJI ^0)34 ^9 
L;r oJ) (Homodimers) Self-dimers oLo^jil ^3 oL^jji) jo> JI03J dJL^ 

^b—o Intramolecular interactions L^_ '>» ? ’ J. 4 f j[ Ji luI jJi^J a 4 Ll)a 3 (j^O ^ 3 i 3 

L7 _l_c a <i-i-a-i lc. ^-alaLsaJ) djijLS-ojg oL>5JjJL) oa-a . (Sense) l7 -oLoX) p^jLJI 

AG jg Sj Loa lc I ^ I <3 &■ j_S_4 3 ' ■ Qj t-> tl \;r oL>gjj_Ll _9 . L^aLsJX AUjU! ojci-) <iiLLJI 

. -6 Kcal/mol a 9 a _£; AG jj-Sj Ua^lc I g •■ ^ ^ ■ I ^ 1 \ Jl 9 -5 Kcal/mol j 9 a j * 
Cross-dimer a I -lIaaJU 9 I a ;>LaI 1 oL^jjil 9 ^ o 0 9 AjJU j_o ^1 iJ) ^ ill L_ol 

^ Intermolecular interactions pj|j ji-L a 4 U!a_; j-o ^_lls ^ 1 ^ (Heterodimer) 

Oj > ol sLLa p. a I $ t oA^_a> Jj _45 (Sense and Antisense) ^ ^UX) p^aL-H 

-6 Kcal/mol 9 1 ^ ; a a_ t Oj L I t 4_» UIjlJL "5 Kcal/mol L^J AG oe-^s I & O- j ‘y 

. A_a_L>I A _0 



_^IjjlII j — o J A a 



: A-J^a L iJ I 1 * ■ " II 

ILla 0 L£ IaI A^ J £ J J-0 _2 J P l 5j)3 _JI jLi 4_jb 4 ^ 

^1 ) Jl 4 JLL 4 I 3 ^1 oLJ_< 3 _C ^g-u-SJ I jJlJ I D4^ J-a-0 (p^jLJJ ) 4_J3 JLlII 

^^^( 3 — J) J — < 3 _C £ \ 7 3 dj 3 jl_Lll D-Lc 3> (j -^9 ♦ (b.\ I 1 J—O—SIX) pLlJ 

qu\ ^3 < ol a_J ) 3-^-3 ) du^t-Lij j3_5j ,^-^1 Hairpins oLjiLo j_J3_Sj 3_& 

4_» ujlJlJL_ 9 i I ^3-4 |<3_x 9 lLI1JlJ^ 3 < J-cL^jJI 4 -a-S L^J j AG l_^_J 3 _»J 



- j3_5jL9 Lo) -2 Kcal/mol ^34^ ^pL^Jl J3 Sj 3 1 4 _jL^jlJ) a ; r ^ * Qj L tl oL^LaJJ 

oLajLq j w) t 4-oj^UI L tl 0A-O AG ^4-^3 3 Kcal/mol 




L _>3 CjJLl jH C L_J D, \ rt) O 34 J ^| jH-JJJU ^LlJLjlJI ^LlJLjJlJI ^pL-^JL-Q i AJ 3 JLLII L_jljl_S^ I jJlJ I 

_)I_A 14 V ^ ^ ; I jalj jJ^a 3 ' i_ 3 j_La_JI A_LC j_S_ajlJI CjLajjLo . 4 -t -3 



aJjLsJU oj-J-l a ol U 11 
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AG = AH -TAS 



^j| J1 09 »J Lo ^ ^ I q * o ^ "* ^JZ-J pjJ^-JI jl_Q J L) 9 

^ 9 <3 ? II ^Lcg . ol tf ^IgJll j—o Uj^ 9 False priming efficiency ^Uj ^iJI 

. J_sl 3' 4 _Ij[j 5' 4_jL^J oIj P^jLJI jg *\) jl J C ) 4_-ol_C 4 Q *\g 



l_jl — j9 — SL) ^ — II DNA 4 Ioj-jjjI j IoLlI |<j_<3 1 j I 1 \ ^ p^j)9_Jl jl_s 4_^_> j-09 

ol t i f Lj — L5JU I — o ->9 — >9 J— Lo — Jl j-o l 7 -LcI jl ^ v^> >1 oL>jj L^J j9_SLj l 7 -J1 ^9-jb 

G-tetrads 5 1 G-quadruplexes J±x> oL^<m^ 1 ^ J c $ I kj ^1 G4-DNA 



I9I jJ9 — SJj ell — Ii>9 



Jjj j9_SjL) LLjljlJv j-ul^-SJLj <1 jljL2JI ( J-L^LlII ^ j g 



J 9 ^ 9 r> I <3 ? 1 ‘V ^ 



J9 I 7 > (Hoogsteen H- bonding) a^U 

•(8 J£i) J *\ \\\ II ^ 4 _>_ \i39-O (^-^>9 ^94 — ujL}9-)JI oLj9_jI 




j-« 3 1 9 SHI oL_cLj i jljl-SjJ : 8 J-SLjjj 

9 

^1 to | ij— 3 4l<3-a-3t v-V) jIjJII DNA 1 9 -^— I 4-Lc-S-o q L^j) p l 5j)9_J1 lJljjsj ^ Lo_^ 

jl j_SL<- p^j^ Jl D-Lj 5>9 DNA <dULj_> 4_JLL3^ P-1 j ) 9— AJ9j-JJ 4_>9 \\) <JJ DNA 4 uj! 

f 

: L^J-0 0^_C ^Ijj) ij-C 09-^-> 



43 



: Universal primers a-oLsJI 

DNA j — o j—slg-o J_ o-5j L_^j^ j-o j-uJg ^ 5-^-0 ^ J- o ?•> un jl j-SLr p^Jg-) <^^9 

e 

ol Ogjg-^lj-JI O I La_> ^La 0-9 < jl 4_2 uj)g l_j J)g_9 I ^_J jg Sb ^1 < pL_>^l ^^9 4-ol_C 

dUiJ Lth_SLJ 1 J_5T ^ jg^-g^o jg-S^j jLSL) ^Lc ^Igj L;r lc ^g^. Ribosomal DNA genes 
jl it Alii primers J -0 JLU LlU.^_Sg * Dj : j_jL^ LjJLSb ^Jgjlg ^Ll^I J *\ \\\ ) J-Q V ^ \\\") 

c 

dU-S 5g jj xli-Jl ^g Li_i) ^ 4-3t_uiJ 000*100 j -0 j_L 51 ^Ig^ ^Ljl -0 -^->gJ ^iJl Alii ^IgJ 

c c 

Lj^LU lag V>i > ^ <dLol_C p^jlg-j 7 > ^ J-xj-SJLjjjlj lLU-LI jg_i^) *Lii)g_jLjM L^LU 

J — Q 11 j — O jg — 5b 4 — 0 L 2 JI ( 9 — Jl Jl_p_ 2 _i — Lsj) -S — L C ^g — o_ 2 _J) ^g 4 -^LLl 3J11 <ijj)g_A-jU 

. 55 40 ^1 fL^jJ^l Dj)j_> \ 0 

Miniprimers p^jIg-JI 

J_<j_ 2 _a jjjlj ^ < 3 >g SmalligOS I i*b_jl nn D-L_cl _9 10—9 j -0 L^-Jg-L^ ^gljJLj Djj 9 p^j)g_i 

f V 

Jg LJ p^j)g j JLp-SJi jjjL ^1 ) 4_}jl_2_!l l-Qj II i i Q \\\ 5b ^ ^_jl_J 1 oLJlgJLJ) j_C i \\i 5 1 t 

Djlj >JJ 4_Ljb oUpj J Lp-SJ — uj 1 P^jlg-Jl D-L.& J_Lo J Lo_ 2 _Ljjj 1 4_JI_> ^ J a jg (TaC| ) 9 

L )j i_SLJ d-s 5 L 2 JI DNAP Djjg 5 j o 9-^9 ) S-Tbr J_Lo j^-»_5 J 5 ^ > 

4 1 > uo J_>g N- terminal 5' - 3' exonuclease ^jj^l j-o Jjjl jI Thermus brockianus 

f 

g 7 LfjJ-1 jjg id^ I ( 5 -Ll) Ss07d J-Lo 4^gJjJl) DNA j^Li^ j^Jgg -j 

jJ^J) aJLL^I ^_Lc IjjLi jgJJ ^iJ) ( Sulfolobus solfataricus LfTj^l j^o J i t l jg-Jb 

. ^^1 4 I ^ J rv \>>g 11 Dj : 4_2_L^J1 



6 jS^SJI f^. _y\ 

L>° 




QjJg tl 4 _jlJL_ 2_9 j_>g_>JLJ ,\ C Llul-II j-Ljgj-J) SS07d : I \ 8 
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j o ol 4 -jlJI-2_9 d jLj ^1 l!_Uj Ss07d ^LiL^l 9> j3^jJI oU^I 5 

: g vAg^Q L<3_^ o I j-0 10—5 



<hlLL 9 ^ o>LjJI 
S so7 d 4j?Lz>| wi 




15-1 9nt 


Taq 


96-1 09nt 


Sso7d-Taq 


2-3nt 


Pfu 


35-39nt 


Pfu-Sso7d 


2-4nt 


ATaq 


| 26-39nt 


Sso7d- ATaq 



( j_^iJ| jULl ) RAPD ^ *lg aIljz-JI ^ ^ 1 1 1 J_Lo o ^ Lq-sj—uj ) p^jlg-Jl da^-J 

PCR J cl q \ t £\_<g uju p^jlg »_J) d,\ jl I . I jjJlSLJI | I gDNA 

j *\ tg 4 9gj_sJU Ji C J_kLii) ^ &, \ » Q jg_$J ilLJiJ Djj 7 VO ^3 -LcLu) l-Q|,\ \uL 

J_< 3 _ 2 ji uij^ * rRNA oLljl_> j-o (dIjjJI 4 -u-c-\_cj> )18S rRNA g 16S rRNA L< 3 _^ Ajub 

DNA JL< 3 _ 2 _j[ jjjI a ; r ^j| bil l_j_LcJI ^ J_< 3 _ 2 Jl ujug < ol jg^ SLaJJ £g L3 j_C i 3 \\i *C tl 

^il «jJ 1 ^ 4 ^L> Ljg->j j t *sl jg ‘n jg b^LU ^ DjJ_Sb ^ibl mtDNA l^^jg^gjuLil 

jl llU^J 4 jl_q J ^ ^_i»-J) olj^dcJI^ mtDNA ^ T 1 ^ j I ^ t I T lj jg < 4 -LL>tjJll 

j! j_ Sl< ( _ T jJ1 Midi d t~> I H (jL_>-XI 2 _j 5 ! jLq-SJL "’I J '>< aVI yx> 

. Primer3 ^ LqS P ■ <3 ~ t d-oLsJ) p o 
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Multiplex primers I J_cUj 

f 

■SJL-Ui-ll P^d^-d) ^ l_9Aj 3> j_-0 jA_d ^3_x3t_5^jJ DjA^d J_cLij JI_<3_2 JLjjj1 , \ \ C 

c 

j loo a I j— o < ajI ujulo /GC I Ia A-^-jl Aa i /> oli p^d^-d) Sj jl 

J_^ mud |<3 >oU 9I (J9 ^aJI ^ 4 oJlLSvQ £0)9 3 L7 — LaJZA 4_L<3_2 _jl ndj d) jl jL-ALC.^1 

J— ^ oir! J-olAiJI j^l^. 9 j-O -^-2-) 1 (3' vu ljJg I (3 I Q 

l_ 9 ^j lb j) I <3_^ L^_<3 jlX 3 sod d k^L> £Uo)j } A >9^3 . J cLLdl ^ 4_L<3_2A U1 11 

j _>5 ]>- j o I &_£<_£. 9 ! 4-L3-I sluJ) & iuj l~> N » JjLq J-cLOl <jl j ^ J-cLiiJI 

. opLAJI SoLjJ J^LOI 



Chimeric primers tl 

jo) )j 1^)9 3 5jd RNA j -0 A-dg a j I ^ > Q DNA A-cl^-Q j 2 a_ 2 u JIajJLjjjI ^Aj P^jI^a 

f f 

j o LL 9 I pjjtg-Jl o-La* ^UaJ) oj)j_> (j 9 -Sb 4 -oLc dj^-aa ij^ < Chimeric sec|uence ^ulLi-^o 

c 

AjaJ> ^ J_<jAZJLjjjlj lLUa ^3 4 _uaL> jidj-C^ P^jl^-Jl DAj 1 > J-xJ-SJLjjjlj . DNA P^jI^a ^L>AlI 1 

. qPCR oLdSd) 



Degenerate primers * - - d 1 p^dg-dl 

^^A II DNA ol A_J ) 9 _J (j— O *AJ a^uuuo*) 0LJI3J ^ I £ jLqJLC^L |< 3 _< 3 _^aJ P^jI^A 

. ma ^ oI_9^Ia_>^) j 2 a_ 2 u j-Sd^ AA^Lsdl O )j A-Q^jAzdl olA-A^^dd OjaLoj 

f 

q,\ . liA^j ndj DNA ^(9 d ^1 3 J *\ \\\ ) *\L<i <o jg *N > L^a_>) j) J-ol ^ 1 r j 

o)jA2 ud) ^1 dL^ d LoJL^l ol, \ <i ti 1 ^g-udl J ^ A-jAAjlJ d <3_>jjd) ^yj Sic j^jAj 4.JLU 

. (j^ 9 jdl Ia^J j q \\) ^-d) DNA ^(9-3 ^ d \ "n < 3 — L 1 

t 

JOC A ->djg DjA2 3JJ (j— 0 j I ^d jA2_JJJLJ 4-jlJljl-O^) ^ lb ? ^ jj < t IjdbJ^ 

A XoL> £Uolj_J L7-^- l 59^" 9I L7-dl (j-^j-sdl Ia^J DA-S-ll ^Uoljd) L^_>AljlJ (^Ad) P^jl^-d) 

f 

d jlJljl-o) ^j2a-o)^ > J9 ^A I) £ loLdl jLa_>) ^JAj AjA_a-O^I ^j2oo)^_>dd 4_x_2_>jd) 4_<3_>jjd L 

f f 

. olj tf U1 I I O j_^ jjA U Jil ^yLsJ j) J_A) 5) DA_>)^ hj c \\\ ) L^d jaLjjjlj 

ol A-d-1 ^1 ^9 ol A-dl Jol^-C j_ C O >t_d) J-Lo 4_<3_^-0 O ^ Lq_2A_jjj 1 L^d P^jl^-d) DAj 3> 

f 

^(5 3^1 ^ Djdb La-11 o L A-d I a I— 9 < Lq^jAL-o L^aLljJ^ja oLdl^A yx) Pj-> j9 Sd j^-d) daj A_d ! 

J_<3_2A jjjA j) ( j__Sd’9 « Aa a j J— 0 A-Q^Lsd) o)j oLo^j^^ii) 4_oj)jJ lLUa^^ « A-A-Lo>dl 

. A_>)^ J_cLij ^ oLdl^dl AjAJ> 9 |<QOOAjdl oLLjA 
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j 1 — O — o j — L^l I — $ \ Q jg — — I) £^(9 — J-I 9 — & ^J_L^_ 11 Ia — ^_J j_>^1 JLq-SJLjlSJ^)^ 

: ^IjJlJI ^LjLo_Q < 4 _Q^I_ 2 _I) oIj oUI^lJ) j -0 AAA. I <1 * ■>. v>> 2 J J- 0 ?. ^ 3 

TC GAATTC NCCYAAYTGNCCNT 

Y=T+C 

N=A+C+G+T 

( j 2 a II pA aJ j\ $1 4 dj _9 dll L& j') Sjg P^aLJI J-L-Aj AdJiA-I 1 g 

j^cl^aJ) j-o jl ^1 ^ k » u m a^ac j_c (deoxyinosine) dl ?; n u jL^kl 



0 -^> 



A > ^ > I \^ . 



LS'q-u-JI jI oj 



DjJ 9 *\ II <5 J <3 r J lj— <3-A L.U 1 ^ AdLsjJU DAj^5 < 



4 _ 2 _> 



J j 



XI 



jl I <3_^ < dlS j— 0 2_jjl ^ I £. Lj^ l_>- £GLlJ1 SLj I aa I r xdl_<3_j ^Lo j^-C jj Sj OA^b^ < Adil 



I <j_i_S I ^jJIjJ 



fW 



DNA 



O-o 



d_a 



Io_ 






J ^ j ^ 



* J *N nni ) ^dLuJl 4ljX AJZ-j 



Vector primers JilgjJI 

< J sLJI ^ ^ Pa a II oa & J_>Ad j| < CDNA j o ^-La q ja~\ jg Jalj .\ir J_< 3 _ 2 J_jjjlj oaj3^ 

^j_x3t Laj ^<3_I j lLU-L-j^ J qLlJI ^9 fL^JXI -La_a_£* ^^Ak—I ) AaLLaJlxjJJ P^aI^-JI p q ^aj 

. 4-<3->tALiJ 4_Ig i U 4_2 _La_^J! 



cDNA primers p^aI^ 

< OAdl_S 21 J^-Laj DJ^A_>^0 ^-La Q "\ I J_<3_2JLjjjlJ aJLU OAd> ^ 

f 

jjj ? H -L^.lg o II . 3 d_)L^jJ) v ■ <~ T,G,C,A Lo! oj;<3-X)g T L^j-q jgj r 

: ^yXI ^ £_^ 9 _LI 1 ^ ; og mRNA J* Poly A tail U iLU-o 



j I 4 0-^-0 j 9 Sj ^ I) CU lj — >9 >t-L_!l jiA 2 _J 1 (3 J r jjS._ jl j_Sl^ (<3^-<3- JAJ A-S.J 

jl j-SLr^ cjL>^ jj—o j 9 -Sj ^ ^-x_9 J-^-sjljjj ^aJ) J-cLalII 

. aJLLsMJ PAJ 4 U a ) oU-sJ 

ol <jjj I II A cl^-Q 6 — 5 4_sl Jdj j__SLr A ) ^ Jl DAd> ^ : Ajj-LSlJI P^jIja • 

4_jl_ 9 I d I Adl^-Q JLSJ1 ^1 aj^-LSJJ ^gI^jJI JLq-sajjjI jaIja Lq,\ i c a II 

f 

3 —2 DjI j J-I^aI <JI |^j— >^l j < <T J_Q^-0 j-0 J9 -LaI (^-II^a 4_qI Nroj J fl jg i O 

X DA « DjL-jjJI DA ^ J Lo ^9 >9 A ; r opl ii_SL J_ 0 _ 2 j oLr^l ^J_1 aAL- 0 (jl Al-l-V Adl^-Q 
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P^jlg — Jl oi — <3> J_Lo ^g . 7 tl 4 A <3 C ^ jJgJ jl jg-lJ l_jlJLlII J-0 J-oI_SjLj 

. o)j_Jg_>tJLJ) 0-L& (Js^ 0L09-L2JII9 oUp^U ^3-LiJl J-Slg-O 4-^>t-Lu-ll oL^AJI ^g-QjJ 
L;r ^Jl Phosphorothioate primers JU_2j_^l ol^g^jJ) jg_Sj 4J3 



^_9 1 a2jJ 4Ji_l < ^ 7 tl 4 jlJL-S-J1J L_<2 J^IjlJ Vent 9 Pfu ol_3_ij j_o J-q ?< mj 

Jl j ^ a-; j! j-SLr ^1 Exonucleases a^Jb-s bUjX Phosphorothioate bond 

. ( j-i~) 2^9-0 ^ Oj_Sj yX> Lq_£ ) 

f 

4 — jU_U) jig — oL>j4 — J ^ \\\ *\ 7 tig oLo^l P^jLJI j -0 jg J jl J fljg 

« 0 

J_sll-9 ^1 4^9 J_L^I 3) ^ 5 j)-LjL<r D-Lj 3> 4_>j-lJ 4 -il-L< 3_2_1 1 j_-0 J_s^LU 

^■3 Ij_Lj 4_aJLc oLgJL-UJL-f P^jlg-Jl j-0 Dj-ig Jg_>g_j |D * ^ ^ ~ 1 1 ^q_Ljg < p * i*t 1 1 1 ^ jl I o £. 

j) l_jl ^ jj >^1 ^ a ^^4 I) dNTPs pLijJ) o )-^_>3 j-o JLU LiU-L^g Jg-ogj-SL^Lol — 0.1 i yu 

(9 J *\ \\) ) Djjg-SU) olg lo > ^LJl J_SLsjjJ) g \rog-jg . ^LlJLc ogLaJ olig 4 _xJLc j_jl_^)jJLj jg_5j 



. 4-Lc- -S-La-U 1 ! ol^ki! 




dJ^-LSJI aJL> . ^3 bj_>9_SJI J-cLaJ o)^_L^_> : 9 J_SLuj 
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4-2 jIjl -0 ^ 3I LO I-^_> 1 ^ Ipl^-jjj ^j_l_ 2 J ^^jlJI : ^Lq-LsJJ • 

^1— Lj^ jS > i II Dj LJll Dj_lbl LjlJLI C DjJ^—SJI ^ Ojl_C J_<J_2 _Ljjjlj D.L&3 < Djg.hi_^0 ol_2_»_J^ 

.oL^il 



Additives oLiL^Al 

J_2_> 3) >JlI 1 Ojbj 3I £uLlJ 1 OjbjJ QjJg *\ II O^LcUj ^ oLil 11 j-0 -)-^_C J-<3 7 \ \\M 

CiG 1 4 jlJL 2 — I) DNA ol IjjJ- 4 J^U- 4 jlJ o 22 _J f J3 Ls ^ 1 £. 4 -< 3 -^*t_y.VL-L < 0 O^LcLLdl 

J_Lo ^1 O-li ^ O^LcLLdl j2^_2_j j I Lq_ 5 ^ . 4 Jub 4 _j^jb ^jlc. d_) 9 LM 

Js->— ^ ^- 6 - ^ ^33-0 I < 3 -^ 4 jjJjL>t^O j_jL_^)jJLj J_< 3 _ 2 JLjjjlj 3 . 4 _ 2 ^>t_jIiJl I J-ol^-JzJI D-Lj^ 

(2J,^ ) 

. DjJ^-SU) oM-cLij ^jk 4 I /) ? T \u JLl oLiL^il : 2 





SjLlt 


/ 5-2 


J 3j_JJJUl_LSLI 1 


/ 15-5 


Polyethylene glycol 
PEG 6000 


/ 10-2 


( Dimethyl sulfoxide) DMSO 


/10 


(PEG) DMF 


/ 1 - 0.1 


4_jlj3_j1 ^ oLiihJL-o 

Non- ionic detergents ( Triton X - 100) 
Tween 20 
Tween 40 


/ 0.5 


/ 0.5 


/5 -1 


Formamide 


^ 9-0 1.7- 1.0 


Betaine 
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J^o 100-15 


TMAC (Tetramethylammonium chloride) 




BSA ( Bovine serum albumin) 


^jJlC. 0<32L2_) 
u 7 jljl In 11 GTP 4 i \u 3 


dC7GTP (7-deaza-2'-deoxyguanosine) 


J^-o^j-SHLo 100 — 10 


TMAO ( Trimethyl amine oxide) 



. jj_>l >0 j_c M vn q 



I ^ 7 l<: —I <j LlJ o I a In i 11 -^9->3 a i r .o_> J *\ \u > J_<o_2J oLjJ^I j^n ? > j) In ^v^lUg 

4 LC 4 o u 9 ol_sl s^n 11 D, \ ft) 2 _j j *\ tg < ol <j_j^l oljLJLjgj_j JjlSLsJ 

j— o 4 I * S' aIij J_S I j ~ j 5- j-Q jl_S lLU-LJ Jo Lodi ^ dojLq ^jgJ ^ o_s 4 -jlJLsJI 

: M_L<3_9 < p^Jg-J) 

( OjJg SHI o^LcI aJ ^L<q_s_jl jjj) j LS^l ) Taq ^Cj 4 dl_2_9 ^ 1 c In : DMSO • 

4 dl_2_9 jO £_> ^1 ^Jgo 4 3 Ls /10 Dj_x_Sj J j)jj_j I />n ; rg ^ * tdg j_i_S)j2Lj jg SL I />n ; r 

X ^JiJ 9 . /10 ^1^ ^1 a JLs-^Jl j ^ i - / 20 ^ j — lcj /50 Jl ^Jfl 

f 

j— O J Lo 4 _jjI_ 2J) Jig >^1 ^ 4 \ S tg Djgj vn tl ,\ir In a Q Ldg ^ i t Igj J_Sojjlj J-^-SJLjjjlj 

J joJ L_ 9)»od |<3 -a 3» \n ~) ^ GC j ^Ll-LsJI L_dlg a tl ^ 4 vnl_> ojgjLd) < \ t S 1 jJlJ 1 

f 

. DOC 

X 9 Betaine (mono) hydrate J_S_ -JJJU 4L_!L<3_22i jjjL ^ vng-jL-9 : Betaine L_sl *0. 1) Lol • 

. Betaine HCI ajj^-LSHI ^-Lo J-Sdiu J <j a i mj 



g) TritonX-100 J Lo 4 jjgd^U) ol ^ 1^ ij I JL<3_2 jljjj 1 jLs d^Lc) JgoJ) g vng-^ l_<3_Sg 

n ; r ^Lo^obJ) l-jl jl S lj 7 tl jjg Sj ^ ^ Taq ^j->3 SU1 ^j-jj 4-HI-2_9 iiuij qi^j Tween 20 

. J-cLoiil l5 j 9^ Dj iJL 1 j_x_^)j2Li) 

^j's ■ no J) J_ oj j) j *\ <rg / 5— 1 j jl_^)j2lj J_<3_2j mj Formamide l^I 3200 • 



/ 10 j — o ^ — Lcl j-i-SjJi iic j-SH^ Taq 2lJI_2_9 ^ ^ 4 \ InlgJl j-x-^ljjJ) jl ojL>oi) 

, \ \ c I 4 ti I <g c J- 2 J- Djgj s^n tl ,\ir J _<3 ? 7 ip ■ '>» ~ tl <\ . I q C ■ ‘ j djl_9 

• yiUI 



*■ ^ I H) I 3 I »2j) j o j^n I >_l U Dj^. ^ ^ i i j_i_^)jjJI j t _J_o_2z_A uju TAMC t_sL 






o^ 



50 





l_j I)g_s o^LcI aj ^ j) j_SL c 7-deaza-2-GTP j-ulg tl L7 ^l n^o o • 

^1 3 : 1 4_» jjjulJ dGTP j— o mj i) 4 ijb 4 _jg_jb l_j a_S1jJ ^ 1 c 4 _jgLU DNA 

f 

. (dGTP) ^..M ) I eiU. Juial dj^lj 4-u-vu-L) <*l *>> 1 1 J-q_a-i_mj 

<3 <T V Q II DNA ^jl C ~ II 4 ■ I Q C J l 7 <3 1 BSA j a l II -jjj-J J O 7 T m i • 

. Melanin qhjMJU Ji-o ^ 4 9 -SL!l aJ_o_sJ <-■ ! U.^ L 7 _l_c dj 9 U-( DNA £jU dJ-LSg 

jI 9 — c jL -S^jJI g- i Ag OjJg SUI oljLjg_> L 7 ^ -^- 1— 5l5J 4 Jgj IAJUl-LS^ tl • 

f f 

^1 2 J) ^gJi Uill o)j l_q 1 ,\ rt>^l |<3 -jl3» VO ") 4.JL 1<3_C ^ , \c \ un g < 4 ^b^l ^1 

. GC j-o 

DNA l_j ILi j^ljJ jg_5 J Lp,\ i r J \\\ > ^pl3t \,o ^ II ^ 1 c djULI PEG • 

. !a_> 4-lL^I^ 

j^ljJ ,\ t C 0 -^_d>g SDS DjLo a <3 C j 4 _C j_C J-cLLlil J_>4J jl j_5L r l 7 -jlJ) I 3 -JL) j-Og 

T&cj 4 _jJLs_ 9 j-o J-haJ L^jLq DNA L-Jlg-s j^^I3*jljjj 1 oLJ_o_c j-o /0.01 4 _lL^1^ 

^J) ^Jg_3 jl j ^ C 1 C ^1 j i ^Ig-Jlg 0j_3g_-0 j^L-C jg ^ ^ ^ ^J-3^1 J t 'slj-JI Lo) /10 4 i \\> \ ) 

f 

L^J j^jbJl dJjLs-o o^LU ^j^o ? ) j *\ <r 3 ^jJ^l ^LjJLs-jiJ ^ 1 *\ l-Q lyiJLjjj 1 

. / 0.5 j^jju Tween 40 9 ! Tween 20 Jj_o ^^>^1 >c oLilaji) AiL^L <jll!jL 2 -o 9 

Taq fO->j d^JLs-s j-o Ajp jl C7 ^_s j-^lj-JI 1 7 > i L^_j|j^jb 9 Lj^l j 9 _> 9 U>l 

<T f 

Djbj Air j 3 ^ lb ^ x I jjji tl Uj^ib Lliij ^JZ-jg jJg-ol.5— 1 j_x_^)jJLj jg Sj I aa ; r 

j23jJLj2jg >, C I 7 tl 4 <i 1 <g C J ti £ \\\ 1 oLqI 11 j) j_^-LJb j -03 ♦ j-x-^ljJLll 

j-o ^LsJI ^gjL^I o)j xdLQ,\ g ~i \w tj DNA Tin o-^ J-L&j jl 

c 

. DJj^iil 4 log-jjj^l ^bjjg 4-u- ujLq ^\_Jl5JL-0 L^gj_lb GC 

olg >tJLjJJL-ll ^ J_<3_2JL_Sl5Jlj j) j-SLr L^j4_Cg Dj 3 _$bJU oLiL^Jll jl_9 ^ 3 _< 3 _ 2 _I! 

. g I 3 J_S1jjjlj oLSj_jIjlJ) 1 ^ ^ j-LsJ ^ j_Sbg ^U_< 3 _SJLjl^l -1 1 

Master mix j^jJI lo 1 1 il 

J^olg ? H 3 obg 11 J_^ to ii 1 >» oLSj_j 1 jlJ) g /2 ? ) J-»-Q j-o Premix I vojl nu j$ 

J-SLjjjlJ) l \ j < 4 _ s_< 3 _ >g DNA L-Jlg-S g! obji^l l-^c Lo ojjg_Sb) o^LcbLii ^ jg gj ^ H 

f f 

Pipetting L_j_>t_ 5 L 5 JLJ) ^ * I o n pljb) ^g^x_i)g obg SJll ^ qI \>>j pl_L^_>^l j^o J-x-L^jlI 

. PCR J_cbij c— )bg_SLp ki> djL^g gl_j^ijL>)g J jl ^ vvi 1 1 LlJJo^g 
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Sjj^-SU) J-cUj 

‘ jL-jL >1 ^ <3 <j iXl Ia 1 ^^JTLA ojj^-SUI o^LcLij 

^jS a > * \/-\ n ^ tSiq . a I -Vjljj-l 1 Qo|j tl cLoAj. A .0 OjIj_> CjL>jJ oLS'LjiS Cj_>Li_>l 

: ^Xl UU^ X) 



ACCCGTTTGGGATATTGGGCCTATTATGGTTTAAT 

II III llllll Hill II II 

TGGGCAAA 



poju AT GGTTTAAT 

TGGGC AAACCCTATAAC CCGGATAATAC CA 1 AT T A 



Ja| jAll 



ACCCGTTTGGGATATTGGGCCTATTATGGTTTAAT 

II III III III III II II II llllll Hill II llll II III III III III III II II II II II II III Hill II II II II II 

T GGGC AAACC CTAT AAC C C G G AT A A T A C C A A AT T A 






AC CCGTTTGGGATATTGGGCCTATTAT GGTTTAAT 

II III III III III II II II llllll Hill II llll II III III III III III II II II II II II III Hill II II II II II 

TGGGCAAACCCTATAACCCGGATAATACCAAATTA 



9 

i a i iiAj ’XI/) t\ :Lo 3 1 • Sj I •n • ) yi ^ ILaJI d_L^j ijjX d Lc-SJLI a d^AJI 

pLLa_cX CjIj—O 0 -^_C 4-tL-L<3_2-J 1 j|_ 2 j^ . 5' Lij-kJ) ^1 L^J>tJLO 3' l-Qj lx Tl ^1 ol-L-jJg \ 1 < Ng_ilJl 
J ^ ^ 2 _j li /98 ^1 I a *N J \/^~) oM-cU-dl j) J-SII 9 ^jLJI 

f 

DNA 4_L^j_5jj) Ij \>\ jg . D«L_cLiJ) |<3 -L ujuLjjj luLLjjJ- 1 /98 jLs D^-cL^-U d qI 

. VO 7 Tl 4-tL-L<3-gJ jiSj-S-l) L-Q,\ tl ^ OjLj ( 5 ) 4-JAj)jJ J OjJ^-SLIl (jLs L^3t_UJL-0 

pLL^_>l (j9-^ jL^^I ( * I r I jhljjjlj LMjM J_>1j DNA ^uLcLj^-o j) 1 1 q 

Lo J 9 n^ 9 -LJ L-Qgj In tl j -0 Aj^-sJI C4_s*bj_9 < 4 JLjLj Ojlj_> 4->j-) 

f 

PCR Dp5_SJl J_cLij j) 4 In )^1 ^ 4-1— ^2>Lll 

^1 4 -u-u^-dl 4 -u-^LlJI I * * ^ Sb Q ^ t jg da_cL _9 1000 — 100 

4 tl CgJ ^ j) l_< 3 _^ . 4j 4^U-d 1 4-^-Jj lo tl j_C L-Qgj In tl l -Qj->9 
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9 9 

J-cl Q \ tl j-ftl to Q J- 2 J 9 . j-LSI 3 I Dg to >- l_94P>- 5 I 4_9 l_J*bj ^1 
. LxjLlsj (3) J^aIlJ) ^^9 o Lg_^ I ^ m * 4 px_Lj ^^jlJ) J-cLLlI) 

J^LdiJIjI^I 

f 

Iajj^ < l-jlJLjlJI DNA 1-^c Lo 4 _jl_9L^ dj_9^_j dj^-x^-o jI^JU jj Sj J-cLiiJl <4 j)4^j ^^9 

LJLi J_<3_2j ^ DA. J4P> 4 <3 1 >^Q j) j) < L>4jjJ LW ^ ^1 J^LlJI 

4lI^J 5 < 4 t to >. ^ i \^o ; I djLjjJ) Ida* ^ j-l_ 2 J lLUj l7 _L < I g J 1 ^^aJI J_cl o \ tl 

I g \\) Q ) ^jLqJlU lu1jj_5JJ i yu bjilS oLiM_Li>.| L^-jl-Q u to ^1 I^gjj) ^1 J_cl Q \ tl J 9 A 0 

^iJl p^jLJL I^LjjMJ ( 4_r,\ Q tl ) L-jJlg Q tl j-C AJsL) DAjS> J 9 _xA.Il 4 to Q )g . 

f f 

J^_ 2 J L— ) L— UJ 1 j_C M v>> Q * OJ^XO O LlXJ-SLj i A JL v>> I 4^9 j j SLj j) jiDj 7 J 

. J_C LiaJ I j^_4J ^ ^ ^jJ^l j -0 AjjJJ A^LsAJ lLUj^ J-cLiaJ) 4-1-03 ^J-^1 

oLj-^o^ End - point 4 * j I ^ i ] I ^gI^aJ) j_c c ^ m ^ tl |«qAj ^ 4 pJGiAJl PCR J-cLgj ^ 

f 

. 10 J_SLsjjJ) ^^9 4_> vOgJU A^LLj^O J 1 g_La L |<3JlJ J-d Q \ tl 




jlgJpL <M4 J_cl Q \ tl j) J *S \\) tl j -0 -tb_>^l_J 

f 

4 lc ij ,^-^-11 ^jIjJlJI^ l-jlJLl!) DNA oLijjJ- i a C I \^Q 1 J 4^95 : ^Ajljjj) JQ lo tl 

J_5U D4j|j to 1 -£» (^1 ^J-S§4 DJ^_> 5^0 jg Sj aLcU-dl Jgi) jl ^y>4 )j_4L_9 ) j^-Lc ‘ J-^ 

/100 ^1 J vol ( l_4^4 1 j4L9 1 ) dpLlSLj j^- 4 l 5 ju J-cl a \ tl ^p^Lo ^ oLjg *S 11 

4_}L^_jlJI ^^9 ^Ljl LxJ otjJ^ 11 l_j I jl_C A-I_C I ^ " /\q I l^>/^ t \>> ^ J_cLLljl S^J <dlJLl D4^d> 

/ \ c c 

( 3 ^ LoJT dLis—mJ jg-t-L l j -0 jJ_^l DNA oLljj^>- Ojg-3 30 -^-S_) 
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j-ljMjJ c ^ c I 7 1 1 A_SA a^LJl DNA £Lasjlj v\ r : 3 



DNA g w) > jac 


oIj^aJI ja.c 




(n) 


(2 n ) 




1 


0 


2 


1 


4 


2 


8 


3 


16 


4 


32 


5 


64 


6 


128 


7 


256 


8 


512 


9 


1024 


10 


1048576 


20 


1073741824 


30 



. oIj^aJ) ja_c n Jjl^ 



A^l^J) ^J5_<3 JlJ1 o1jj_SLo j^U l 7 IA>- ol^Liu Ajl_ 9 (j§-Sj j5_L^J1 )a_<3>9 : ^1 J^JI 

f f 

j-0 J-QLj J_<3_£j Iaj ^1 In \ Tl j) ^1 Au U 0 A_>x-0 AjAjIjJlI) 4 _< 3 _ 5 l 5 JlJI j) l-S-J l-L^^ 

c 

: l_)L_jjj1 DA.C ^1 ^ SLj lLUj^ aJ j') v/n ^ tl ^Ljl1jL-^J1 

J_al_ 9 gl ni < J 9-^9 ^L>t_xJLj j^JlSaJJ 4_> Llo j^-C ^ a aalj l-jlJLlJI aJ^j_sjj) j>> ? * (l 

f 

oLljlJ^jJI q2^-5Lj -^9->9 ^1 LlJLSl^J^I J_\AJL-flJl J^_2_J A_Q^ DJj_JL-0 ^1 1 ^ ^ Q 

. 4-u-^-LuJl oL_L< 3_C j-0 ^i-A-ll 

^1 a^LJI OJjAlJJ aJ^j_jjj^ 1 j-0 Jj t *\ tl JA_2_J) L-JL-SI^J ^ OJ^AJ^ DjJ^-SUl 4 t Q *\ jl (2 

. AAjlJI-2-9 4-L-Q l-u-uJJJLj 

I j a2^_s_? j-o 1 ^-L^Ljjl ijjLSLojg L7 _Lc oajaJ -1 ^ t^j v^N t ^j^jl-qIaj (3 

. I ^ hja >• j-SL^ ^ ^jai_ 9 L_lj oLJ_o_c a ^ aIjl j J_cIaLiJ 1 jl j1 < J-oL 5 aJI 
Dj-Q^ £U»_JA1J ^^A-I) jj-^l jI^-O^ oLj^j)^ oIajJ^) ti 1 ‘Ng-jJ j-0 J-cLLiJ 1 AjLj^-S-O lII^L^Ajjj) (4 

. aj(ajJ) ,w c 4 1 1 r cajL^ L» ja \ *\ ) J_s) 

. i g I *\ q \ TL J_cI a \ tl ^Gl^J Paj (5 



f 

^1 |<^JL> vA 7 T) Ja_ 2-0 J AALJg Dj^_>^1 oIj^aJ) JJA9 : Pl&tG&U Aj-Aa^-JI jl JJ-SjJI 

j-o L^j^-c 5) Lj ^ S3 1 J_jl_>jaJL I ^ \ c l q aIl-SLII ^jaj ,^31 ^jI^aJ) J-^a <j ^ ^aJI 

^1 ^jJ^l j-o DAjA_> AjI ti <g *S 4 _qI n^Lj Ij-^qJLJlJJL-O ^J-cL^-LII J 7 >» lU^^L>^0 Ajl-Aj . ^j-LaJ) 
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^1 lySJ 4.JLU . J4-+S J \\\ ) CJjA-SJ -L_9 jg *N "1 J_cl C \ tl 4_LjlJ olj^-SJll 

f 

jI^JJ jLlj < QjJg *N tl 0U3JI3 dNTPs J_Lo 4 1 C I <3 7 11 Jgil 1 g I *N 0 ") L^-jl -0 D-^_C l_jL_jjj) 

^1 j 1^_<3JJ 4 _\— uli-uJ L dNTPs jLij ^1 d^_ ^ ^ tl ^gI^JlU 4 «s. J_Lo ^iLcLiiJll 

j-jg-SjiJ Ij 3 J-cLliJI ^gI^jlj 4Llj LSLq 1 j_c M q . 4-Lg-L^ tl 

4 \^> >> 7 1 1 j-i_c ^gI^jlJI J-l.9 4_j^L> 4_LcL2_lII Jji) i yu qus LuJ I ^ < Pyrophosphates 

J.A-C 

jIjJLI DNA L_jJLi L5JLJ J4^C L^Jl -0 L-Qgj tl j_-0 J-^-C ^_L_C 4-L<3_SJ— jjl.11 J4^C 4^<3_L£j 

DjLj ^ J^lLi lu)j (J 9-SJ j) (lO J *N \\)) J *N \\) tl j-0 ib-^Ltl^ . 4L<3-3r \/^~) 

f C f 

,\ir j 5 _L^J) pL^jjI ,\if J-cLliJl (, <3 ^»g-j llU-LI ^^^l jl^-L^l ^ J—m^LU 4> <3 

. oLcLjjj 3 djL-S^Jl jj SL)g < olj^-idl OjLj ^ j1j_<3-Ljjj^I j-0 O-lJ Li 

j-o J_5 ^_lI 4_j^L>- L^^jJb d<Jv dj^j 30- 20 -^J-l j_c olj^-iJ) j.l_c ojLj j_SLr$ 

4_j^L> DNA l-jlJI^-q -^ 9->9 9) Djj^-Sdl ol_<jjj oLL^-Jlo -^ 9->9 4_tl_> L<3_^ . 40 —35 

C f 

< ^LL^-SJLjjjl -11 oLf)J^l I <g ct> 1 j-09 ♦ 1-)L— UJ^I o Lbj-L-C^ D,\ <3 7 ,0 4_)^jb 

,\ ; r 4 a » qj 40 -30 ^1^ dJ ^ \ tl j_<q_ 2_II (J^-SLj JL<3_2_Ljjj^1 JjLjIjlJI T3C| ^LjL< 3_Q 

f 0 

. cLsJuj^Q A ; r 0 j 9J 30 j_L^l p * ^ 1 1 1 J \>\ a \ ^ liJ , p 95 

c>jjg *\ t) J f I il t ^j)j_^-l ^ ui > t) 

f 

^lJ-I ^Uj. 4-)3_JLil DjJ^-SJl j_c jLu; DjJ^-SJl J_cLij jl l^ 5 j_sJLI j-o 

f 

« I Q h >uO LJ^U^ j dJ j5_Si I1 j 9 . d_£_hi_>wo a I a ^IjX hj ! J- ! luL>j^j j^_ 2 _lILj 

J^UJ! . Djlj_il oL>j4d 4 -jjj Sj aj j^, < tl J_cLij D5_L^_> jl ^iJL 

: U.\ ^ r l-^Ls^jlII l-jl-^I^JI 

^jUjJI ^y^-5U <jr Lc. D-Lj * J_cl 0 \ tL J-»-Q O^LoLjL-0 l!JIJlj1> • 

f 

96 — 94 4_>j J Dj)j_^L lZjlj Lj 17"^ ^9^^ ^jLqJlJI ^-31— ujLLQ ♦ 4—^3 L> 

j c ^ 

^1 (5-^9 ^ ^lLoLsJLI d.Lj 5>5 « — 1 j^q-L-uij jl j_S ^ 98 4_>j j 0 L^^1 ? )g ^ 

~ f 

iujXI U^i. j) Proteinase K 9 I DNase I Ji-o ^UpXI l^, , , r, L^lo j-o .4^1 

OjJj-SLII P> i ni i '» (j-C. X \^i Q « ^j^-cJlJI d i i ^ ~i plj->- (j-0 9) (j-0 ^ V 1 ; P J ‘S ni J 

. Hot- start a i s-l ni II p \ » II a , I q r oXU-l j-a ^ j 9-^^ 
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Denaturation ^ >»tl 

4-dU>gg, \ t £ II j_Jdlg^l J \U *\ |<3_U 4_dg DNA 4 loj-JJjl j I ) 1 I V^jl UM 



At? 



0 -° ct-^ 09-^9 Oi-^ 






DNA ^LL^j_ 5 Jj) £\-JlSJL -0 4_j)d»Jl L7^ 

4 _>j 4 u q-l 3*_ yjL-lJ L lLUj^ djj^Lo 4 y"^l ^1 4_>gjj_-o 4 \"ul j^o I ^ I jg. 4g (^ 1 va^I) l-jlJLl!) 

^ DNA jl l^ 3 j_sJII j-o j^ llUj^ ^ 97 — 96 JLq-sjl-lsjI gl ^ 94 ^Igu^ dj 

oL>jJ J_<3_2 JLjjjlj LliiiJ ^ 100 j-0 J-Sl 4-<3-5^IJll OjljuU j$-5j (^J-C ^g-4 Pjjb 

4 -^jl-Qj 4_sL^j J fljg 4 -^jl-Qj ^1 jj3tUJJL-lJ) OdO JgJdJ jl j-SL^S ^ 97—91 j^u ^gljJu 

f 

^ 1 ^>j \viM t ^J^j) t^il a djgil I r d<3-uSu ^1 D,\ Q 7 11 uJlg <3 II 4_JI_> d_9g_Jl ^1 

f 

L ^ ? \>>l A=T 4_JI_> ^ jg SJ ^^JjlJ) 4 LuLjl-> gg-dl 1 ddg a tl j-LJ 4 -jlJljl :>gj A jl ^ 11 J v^lgVI J vu *C t 

. G=C ,>0 

lJl_C dJ )j 9-^ 10 ^1^^ AdJ LSJL- l l Ojl^Av j-SL^S 



4-S-jl— Al 



SLjjJI DNA 



L-3|Ju5>| 



Jj_di 



SJJL-11 OjI^a^ jL-9 j-sl gl OAdl_9 300 JgJdJ l_q)aa 3>^ ^l_L<3_9 . 4u)d»J) ^ 4 J C dul_^ L^j_Jd_sl 

^1 oljg-iJ) j i£ j-o -)ljj jl j-5Lr lLUaj 9 GC j-o /50 l 7 _Lc f 88 ^1 ^ 

f f 

4-Jg l-<3 JL-SUI Jgil j^jLu |<3 _Lj jl ^—UjJll 4 -jl.L< 3-S-J j_5L rg . ^jJ^I DpLi^ ^ j^jLl!) jgJ DjgJ 40 

• k;9^* (-M- 4 

^LlJLsJI ^-JJJL-II oL>jJ ^l_L<3_9 DNA ol Q v^lg^Q 7 ) d5Jj|j-G yjL-ll 4 ti I <g C J-^-2 J-Jl 5JU3 

f 

(JjJdJ ^I^J^I j-u ^Lj| j5 JI 4 -qLjjjl- I I Aj-li ^ J-xjdJLjjJLJg CG j-0 I ^^-JLSJ 

f f 

^ L^J Lj-S-L-UJ I j_C M_Jd_9 < DJ^O (Jj-^ j-4-J-b jj-^l jdlj-C^ I \^>jl J_<j_ 2 J_jjjlj 5 j-u>t_^jJI 

f f 

— 15 j^u ^IjJJ &4JI jj3t_ujL-lJ I |<3 _Lj Dj^_>^I 4JU-I . DjJ^JI J_cLij j-o ^^^l oq 41 
l_JLl!) J_Lo 4_dL> o^L> ^9 ^98 ^1 ^—uiil ^jlj-> jAh -^9 « ^^-hI3 20 



aJLi^l oLJ_< 3 _c ^1 oL 



jlJ L 2 jL 



^-jjjlII pLjI 5 . ^t^Ih L$9-^~ 9 1 

f 

. jdi >, Q A_2_j LdJ L ljjjulI ^LojLjjJI oI j 9 4JI j-0 



(Ta) Annealing temperature pLdJXJ djI^ 

jj^-Slii j5_<3^>dlj RNA ^l DjjdJll DNA ^lJ^j_jjjI j^o jl ^LjIj^JI ^ sj ^L>di^l 

f ~ c 

J ^ a 1 mj djLc^ « 4 LLoI_SjlI) dclg a tl j-u ^ * i * y*)j K * ^ tl j 4_L^ jjjlgu 4_>^jj^o ^lL^j-jjjI 

) Djj^-SUI o^LcLij ^ DNA uS4ui> ^l l_jlJI_9 ^1 p^jLJI idjJ ^1 DNA oLjjl->^o idjJ 

C7 dll 4 -LqI \ II 4 Renaturation uuU pLsJ^ J_<3 ? \ un ^1 ( Lu^ auIi^LJH 

lIjOUlILO 

f f 

j4ju2 DJjuLo 4 \"\j ^J) 4_>^JjJll aJ^j-JJJ^I lLLs dS-Jg DjJg_S2l J_cLij olg2d_> 

60 J I_<3_jljLjlsj I g_^ jJLUIg 4-ub 60— 20 d^JL ^ 65— 50 ^ 1-0 ^1 J-cLliJI to J 4- djIj_4I 
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j4^j2 i J_9) pL-C J \\\ ) DNA 4 Ioj-jjjI ^1 p^jlg-t-U ^Lj-lsjlJJ 4_jljLj 

jg < \"\") 4-tL-L<3_gJl pLljI^ « (La_>^ L-jl.u ^yiJl ) Tin jl ^ ^1 oj)j_> j-o ^ 6— 3 

c 

4_jljLj 20 D 4T9 c Q \ ^ II J^_Jj_jIjlJ1 J -0 P^jL-JI -L-dyQ J-oLSj 4_JI_> ^ 4 * ; * A * ^ H j— 

jl_9 4.JLU D4^_& ^^9^ < I ^ I o S2 Lq_C LjL^ Ajj^lyJ) 4_5j_i-L 4^.9 p^jlyJl jj SJ j) -L-S-j 

f f 

j-o J-tL-L-9 j4-c JoLjjl -^jg-jg 4-^_>^Ul xdL-jL-L<j— g-J 1 JyL^l 1^9-^j ^lljLlII j Sj 

f f 

Lol 4 J/) ^ ) j— UJL-SjiJ 4_jy9 P^jLJIg L_JL_JLiJ| jy 4_jyj^l J V^lg^l ^ 4-dg Q tl 

f 

. I ^ 1 o *\ j l_o_C Aj 4J3 LljL_>t_»JL P^jLJ) oLLjj_j£* 4->^qLjjjj ni Q 4 JLjLl11 JLC. j 

f 

,y4-0 j O ^ fL^jJtfl Oj)j_> jj SJ j) l-jl-^ Oj 1 j_> 4_>j4-j fL^jJtfl Oj 1 j_> 

(^-^9 dJLl^l 4_>jJ J 1 1 J-9jJ (j) j-5Lr ^LJLaJI Ta Djlj_>t_9 < jy 2-0 

jl i5 J j jb-H->9 ‘-jbaJI t>H Ji-C- OIt?^ 1 jl lS - 3 j UT) j 70 

^ L_ij)jJl |^_ A_>r \^ ; tl j_o J-L^j jl j-SLr I ^ J c 4 In c»L^l J-cLliJI J_s^L^ 4_l_9 

c 

L^jU j 37 jl J^3 jl <>Sj ^ l 9 <ulU j) U) < 4 t v^t StjJl Jj>t_jlij I^jI j) < jLy^l 
->4-c jj _>5 j_c ^UJJ 4 >t_Lxo j^_c 9I oL>^jyo j-jySj ^1 ^5^9^ jl j-Sy; 

4 lJ^ jj S2 pg^bJI J-4-^ Mismatch ^^^LlJI o^L> i yx) 

<■ 

. DjjySUI oM_cLij ^^9 j-j L j 

Geometry ^^clj^iJI ylj \^l ^1 ^9^9 lj n^> >0 09-^ ^9 ^Ll!) ^-^-9 

J_^_$; j) . d_9l_LJ) oLLu^ j_0 ^1 Q 4) JLC. J5_S2 ol-ljLjg tl I 

f 

j-o Dj_SL2ll olyL^jtl ^ 04 ^ Loajl-c DjyL^_> j-a-^I jg ^ jg j^t >tjLo j^_c ^L^jlII 

f 

oli DjJySUI O^LcLiJ lj t>\ j 4_Ji^_J^3tJL0 CJ LJI^ c5» cr^ c Q9 jJJ 4J^ J-cLfljJl 

f 

^ wi ? tig Lr -oLo^l p^jLJI j-o J-SU ^L>tjJ^I 09-^ jl J ^ <3j9 ♦ ^-ijljj 

^J) ,yjyj jl j-SLr I < 3 — < J— 1-1—9 J_ 5i^L> pLL^_cj ^1 ^ 5 -^ 9 -J Li^l_L3-^l j^ < l-^-> 44 jL^JL0 

~ f (. 

jl_9 ^yxj-gJI ^ I c g . j_>^l l— )Ljjjl_> ^ I r 4 Ioj-jjj^I -L_>l ^pi3r 1 ^5 1 j_lb L lJLo j^_c J_cLij 

4_ >j . J-cLLlU ^MII L-9gj In tl Llj^- 30 ^l^^ D-^-0 ^ ^3_>ujl1j P^jIyJI L_jJ_cl 

: L^jLjJL-i lU^jI_ 2-0 lIjlJLj^^ 4^9^ JJ jL^ ^ 3^1 4->j-^ ^ I £. 4^J_2J ^l_>tJLi^l C)jlj-> 

Ta = 0.3 x Tm(primer) + 0.7 x Tm(product) - 14.9 

: J^9 

( oj-jjJI >s, •>■ j_o ) ^jj-o J-aXjl^ 0,!^ Tm (primer) 

PCR ^jI^j j \$ >^i l ojIj^- Tm (product) 

Dj|j_i 4_»— 5 l 5 JLjlJ L L^jI— 5JJL_> ,\ i Cg < jl $ vn )^| Dj I j_> j-0 ^ 5 _J J— 9 ) j9_Sj ^ Ta 5 

: 4_iJ^I aJjl-gJll j Lj-S-Ljjj I j'C/^Qjl^ )VI 

Ta = Tm (of the lowest primer) - 4° C 

f f 

. iljj_>»JLlb (j) ^11 ^Lli- jL^X) (j2i_2_j jj-Sdj J \>\ aVI 
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Lo DjI 4_>jA. J l_jl_cM_lJ 1 ^jJLj I £ \ Q l-JQ-Cj^Q gHL_C 4-ih_>^Lo 4-JI_> ^9 

4 -u-qLsjlq oIj^j Touchdown method t^g * ^ 11 a a ^ ^ o mj 

c 

4_>jJ j -0 Lc. 1 oL>j- 1 j P-LjJl j< 3 _Ljg ♦ I g \ Q j,Q a DjJg_Sdl J_cLlJ j -0 

oLvj-iJl ^ 2 -S . oljg-iJ) j-o p° 5 - 2 J-^- 2 _<r ^ ^ l^° 10 ^Ig-^r Tm gl ^ VA )^1 

f 

^(^j-I) >— 1 -Li.Xl ^ lo ; j j-3 L^$_SJJ ^jLJ) (j) ^1 ^Lc >t_LJ p^ J LJ! ^lL aJLd! 

j *\ <f 4LA_L_Cg . Dj1j_jU jrO t ^ -^-S-J 4^_>^U1 olgg^Jl 4L<3 -jl3t VO 1 ^qJLjl_JJJ ^idlg L— )g 1 lo U 

f e ~ 

Dj)j_> j -0 °10 lt JLc 1 Djlj_> J L-O— SJL-Li) 1 Jg^l i yu^L-nLX) ^1 4-^OjfJl D-L.& |<^l_ ujl^J 

(j*Q Q ^ LiL^-lg < ^LlU ^1 ^gj_j 1. \ *N < DjgJ J_5J p° 1 J-^-2_r q2Z-o3* ^ 4-Jg \\\ ^1 

PCR J_s^L» l 7 _Lc Jg \^o >JJ 4 _ljI ^ ; tl oljg^Jl ^ ^JLsJLl j-o J-s) ^L>i-lI^ 1 ojl^v 4 _j>j.) 

. ^ °15 u lo ? j jl o-Su ;9 ♦ ijucj-Slj 

f 4 ? 

< ojgj/ °0.5 I ^ » q jg-SLjJ L^_l^oj_) j-SLr L 7 iJ) Sj-^->^l j^q ? ) -^j>gjg 

c 

j_C ^ °2 ^1 Oj)j-jU j,Q t -^-S-J oljg-iJ) j-0 7 J L<3_2 JLjjj 1 ^1 l-Q, \ ^ 1 4_>^0j_} J_<3_2 JLjjjlj (3j->I 
,\ i r oljg-iJ) j-l_c DjLjg . |^° 3 a ^ ^ -^- 2 -? °Ij9 j ^ JLj- SJ L jj j) ^ jL^- ^ 3^1 

4 t I <3 r j-o L-Q,\ II j_S Lc olj^J 4—3 ( 5-^-0 4Jljl_2-0 

L^jLi 4_jL_sLj^j olj^j JLq_2jljjj 1 . \ i c g . |^_ A— >t vo 7 II ^ ^b^^cjJLI j^-c Priming p^jLJ) J^Ljj) 
j^jLlII Cycling j-o I >jlU I ^ ri 1 j ^c. j-o j) 

J_a_>jJlII ,w c ^Lc. jj5 o)j ^L>t_jjjL-o ^l-Ljj^ c g I *\ 1 oLL<3_c d a qIj-) 

^ Dj^J 35 ^-LJZJlJ ^ j) Lij) Dj 5 _^iJll lo^ t ^ tl 4-^-Jj lo ) Djlj_il tl a hj ^ Sdl 

~ c 

a v>> ^O^JI jLsJ j) j ^ £ l!_U-LJ dJg-yLo ^L>i_aJlJ ^1 (^5-^3-J ^ 4-ol_C 

f 

. zSjLhl) L-Qgj In tl 

^ ^ II >>— I — I . \ ^N j 4 -LL- Ajl-U -^ 9-^9 ,\ir TD (JjIj-jU I^3_l^JI J_<j_2JLjjjlj 

Dj)j_i) oL>j- 1 j J^ydl^ ^LaJLc Oj i j— lLU-LI l-jlJI^^JI J -0 £LJ*bl 9 I ^ \ P 

j -0 D-IjLq dJLljl> j 9 Sj ^ U^JZ-jg xdL<3_S*^UL) ^1 Jg-J^gj) (j^-> ^1 |^° 15 ^ 5 -L-O ^^—Lc. 

j -0 4 tl C jg SJ P^j)g_»Jl j 2 ^_ 2 _J j) J_^ij J-S 2 I 9 ♦ Djlj_i3 oL>jJ ^ ^ ^ j 1 j_< 3 -Ljjj ^ I 
DNA 4 ^ Lo. Q J-0 J pi SjLj j->! I ; r J Lr Jmi ^L^JLi^l 4 ->j-^ 4-a_>Lj 

JJlI ^LaJLc oL>j- 1 j P-LjJ) LlJJjg 4^A-jij log | £ tl dLJlJj-b JLq-SJLjjjI j) VO 1 J )i ^9 

4^Jj_Io jg_Sjg . J-cLLlil j-o Dg t II oljg-iJl ^ 4_j^L> 4 s^A s^A ^1) J-4_C lU^L>)4JlJ) 

. Multiplex dj^ 2 _lLI old a\ 1 1 j_o jJ.S'l Monoplex hi : oil ) .-.M r U- 11 a_<p!\U U j t l 
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TmjL^_ 

^-jJI L<3 $ t \ ) 4 _pLp> 9 j,\ t g 1 1 J— ^Ig^l J \\\ ^1 ^Gl^jJI j -0 P^jlg-Jl j \ vVil l-JAb ^_L 2 J 

(<^->9 ( ojj^Lo 4 \"ul J < \\i i ^1 ) ^ *n *C a o DNA luL>^jj^o 1 ^ ^ * Lft-^Lc Sj 

^5-^-0 (J\1 II a P^jLJI jL^ AdA-j I Djlj_>5 . Dj_SJjl_pO AJ^L J 4 jl I Q L^-jJj OjIjaU 4A>jJ 

. ^JUJ) DNA 9 p^jLJI i yu dj)j_> aja2> ^ a s) s\ jj Sjg (DNA- DNA) 

. l^jLjjL-i ^LcjjJa j -0 j t SI -LA- 9 J 9 



: Wallace 4 _JjI_3L-0 JL<3_2JLjjj 1 j-SL^ D-Pcl_9 20 —14 P^jlg-t-U 4_t_ ajuJLq 

Tm = 2(A+T) + 4(G+C) 

C f 

Nearest -neighbor c-jj-sX) J 9 AI oLLl-n JU ?> ml ^1 jl ^ , s Js-LXI ^ 19 -JI Ul 

c 

a-a-f^LJI ^9 Thermodynamics a^ljJ-l oLA^J-l olj-Apj jLlcXI j U;, ij^b ^^-Jl 

. j-S^LM Lj-S^JI ^3 OJ 9 ^> 9 _L! ^^-ilj-J) |^->-<3 w^i i ^yolj_J i J C I ^3 dJ_<)_2Ji_iJJLj.l 

c c 

4_L^j_! kjj) (j^j-^cl_9 J_>)- 1 jlI) j) jL_LC^1 j_IaJlJ l_)j_Q^I jlj-il 4 <3 Jj_La ^9 

j _-0 (j) ,^-Lc DNA j 9 j_L> 4_Lol_2_-0 j -0 ^4p_9 < Dj^L^I .PCI 9 ALJI ^^J-C -P< 3 _L£j 4 1 7 >^p 

4_j I ^^J-C j 5 j_LM J -0 J-oLsAj AlAjjA^J) DAa i> jLs « JjaLo J S NU ) A_C I 9 ALII ^( 99 ) 

^^JLSJ L^j) ^1 Dj^L^jlJII A_cl 9 .iL] f jLljLC^I j— LaJlJ ^ 3-^)9 4^clg a tl Q-LJ cAU-IacJ) j -0 -Lajl_> 

~ f 

: J^ajj—ajlJI ^ Q .Lj 2 aj 1 Dj 9 L>AlJ 11 ^cIq a tl Q-u 




(H) Enthalpy j^o llLLlt L^j 9 aj a-qLLaJI j-o 4 n?o ^1 dj^a) 
4 _qLLaJ 1 ^LvaLq 9-^9 (S) Entropy 5 < (aj 9 A>t_AiJl ) ^jIjaU ^ 93 -^) ^ jj ? \ tl J-^ ^ 5 -^ 2 ) 
jaLIaj ^ I ^ \ 4) jI q \ w\ 11 jA-c. 4 _qLLaJ 1 ^1 a 1 9 _o_LJ ^ \^9 <g II ( jaLl 3 ^q ^-<3 nuj Lo 9 I ^ 2 1 9 _j 1 ljlJ I 
. 4 _qLLaJJ ^_j^a 9 _cJ ) (JaI 11 h & ^ J -^9 Kcal /mole da^ 9 __j ^Lcj AS . 

c ? f 

: 4-l_<J_2-i_iJJ_l I d-oLsJI dJjLs-Dj • j ■ jl ■ ~ C *^l j h> '■ » i-3-b t_Jj_9X) d tfjj-Lag 



Tm = 



dH 

, 1 S • Kill • C/ 4 ) 



+ 16.6 logic [K*] — 273.15 
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Enthalpy ^ dH 
Entropy ^ dS 
DNA yjAjjJl C 



50 ^j_lb_2^0 I $ I < 3 -SJLjjjlj ^^iJl 4 _J_j^^1 ^ \ Q tig ) J_jl_$jJlJ) [K ] 

• (j** cr^ 

(1.987 Cal*k/mol) jLaJI Jix R 
Natural log : In 

a~A\q *\ s\q DNA 4_Ljj_> J^-Ls L^Jl-0 c Ih. II j-0 -^_C ^ I £. J^qJLgJ Till j I ^ ^ j^l Djlj_> jl 
^y\ o ^ ^^bJ) j-o aJL> J-SLs < ^^bJl ^§->9 aJL> j-o 

f 

lLU-LS^ < J_< 3 _ 2 JLjjjlI) Pjjl-iJ) ob^-SLr I vAjl < f>° 5 ^1^^ jl )^1 Ojl^J>- 

-ij-ii ^ jj^j I ; r ^ |< 3 -x-s (^ 7 -^ a *q ujl ^1 ^pL^Jl Sj l!_U-LJ « p^jLJI^ l_jlJL^J1 

. ^L^JLi^l Oj)j_> Lag. a-^-JI 4_iLj_L3 JI_<3_2 JLjjj1 ^1 P^_j>JJ 1 j^qJLj lLU-LJ < ^l_>tJLl^l Djlj_> 

9 

P^jlg-tJl jl £ vV)l Djlj_> L_jI_JlSJL_£* (Jj-L^JI j -09 

Tin ( 0 K ) = { AH/ AS -Rlii(C)} 

a * I U I I Kelvin j^UL£ oL-jj J Lq_ai >» l 

d-jj-jL-l—LuJ I oJj-il ldL>jJ JLc-S-LjjjI Ji-i-C. g I 

Tin(°C.) = { AH/ AS -Rlii(C)}- 273.15 



p^jLJI j-i-Sjj 



c 



L<*jg Cj . \>> ^ J < »i 1 jl »VI 0j!j_> l jjj L j r ji3 j) j_Slr d-^-jj-Lp Py_>gj X j-o^) d a 1 a v i^9 

d-^lj-l-l oL>jpJ) jl ^1 oljLij eJI_LA jP^-o-sJ) j_SUg < olj - uj-oj ^_j_ 9 ^ to ? j jj to II 

J-oL^jlI) L t ? 1 LU j9 -^Jb 9 . i ilj < tl j Sj jjgj (jl j SI /• ^ 70—65 (__M-o d-JLaJI 

^ GC j -0 PjjLJl ^ 9 _L_>u ^0 jl ^ v>Jg tl j -09 . luLlJI^JlII Air ^ L> t&s-* 

jl 4-^-x-^_> j_C M ^bJLg jl^ A^jXl j-C 4_>t_52^)5 Djg VA 

4_J^jb ^l_>tJLl) oLJ_<3_C VA ^ 65 J_Lo 4 _jlJLc ^l_>tJLil oL>jJ L^J ,^-^-11 

f 

JI^-LpLj GC j_4 (^gLuJ u -O ^,-Lc ^^jlg-JI £gj j_^ j C \\> JS jl J v>> tf j g 

f 

^J-LsJLj L<34-S 1—0 1 . J ^>1 ^ubj pl to rjg 4 $ )LjjljLQ \A oL>jJ ^1 (Jg \^AgJJ 4 j L ujLLQ 
jl j-SLr ^ $ Q ‘ GC j -0 J 9 Pa tl j_SJJ 5_0 c 7 — Lc. 4^<3_L2J I VA jl u g Q jj3t-JJJL- l J 1 






4 _jlJI_C Dj)j_i) jj SJ Lo 4 JL 2_9 ^ * r M 7 tl j r j 4 4 _jjb 30 ^1 






^ a 



9 9 9 

lU^jI_ 2_0 l 1 JLl ^3 1 ^ | \\1 ^ j) j-SLr l 5 >^) lU^jI_ 2_0 l 1 JLl^_S D^Lc) yS J l_ 0 _C M Qg 



. 4_j^L> j2^)j_C^ J-^-SJ— uju ^^11 D4^cL 5 100—20 j-O P^-^b oLlJI^J c \ C^) 7 snm o'o^: 

9 

j^_c o^L^o ^ J_<q_2jljl5jlj j) j-SLr DNA 42 ^j_jjj) j I ^ vv> 1 ^>jlj-> jl j-^-Gb j -09 

p4^sJ lj Ih . 3 L^J 9 Ljjl-o L^J jl ^ iVI ^jIj-> ^ I c d-l^jlsJII o *^il-L>jlJ 1 g . djJ^_SLII o^LcLij 
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j-Sdg oLil^i) J_>^o (jl j *\ c ^ LiUiJ < l-^-> ,0 J *\ \w ) 4-jj| *\ 

oLlsjl^O j-0 oLljj^l j-0 4 C g Q-u>i^_lJ 1 Dg_Q 4JjlgJ[ J-J,\ i *N J_<3_2 JLjjjlj jl j_5Lr 

. DNA microarrays DNA oliji^u) ^ Oligonucleotides 



Extension temp <iJLi^l djI^ 
jl gJg ^ 75— 60 ^gljJj 4_J>jJ ^1 Oj lj-^1 4_J>gJ J-Sj 4 _x_L<3_2_j -L_ 2 _j 

4JLxJL_ 2_9 1^_J OjJg_5J) ^jj L7 _I_C bL-4JLc) Jg \^A >• 4^4^ j_0 J 4 J Id^JLjjj ^ 1 

j-o p^LoL p^jLJI C 7 _Lc i~i!a 1 3 ^ 1 1 Kq t ; tl a qI \>>j^ l-JUJI j-o p^jLJI ^1 4lJ^LjjLj 

j_c I a_jl_ 2 _) I ^ ^ i ^ aJLL^lg ^ 5 $-^ J-SLjjju LL^jljj) a_ 9 Ljg-SL) jl 4 ^ 2 -j cjl_JLlJ 1 

f 

. d^Lc) 9 J-SLjjjlJI ^ ^— 5^35-0 L<3_^ p^jLJI 

l_jlJI_9 JgJog J_<j_2JLjjjlJI) OjJg_5dl I— c_ IjLqJLcI 4_jjb 30 ^Ig.^ ^LlJ>* 4-J-<3-2-}l O.L_<3>g 

f c 

J_^ ^J— <3— S_ \— ? 4Jg 1 7 11 4_>gJjJJ 4 ilLJjg OjgJ I-^jJ lLJJj A_2_j . DNA 



J_<3_2_I <L*AU1 4_>j 4JL 04J> aJLL^JLjJJ^l 4 J <3 Cg . DAj-lJ-I Ojg-iJJ l-jlJI Q <N L^Jl-0 

f 

aJLL^^l j-o oL^X! j>> ? * o-L-^g . J-j^-sj ^1 Lo Ij^Lig Djjg_Sdl 

J-^_C OjLfj J. Ai2i ilJ dJLM j-Sdg ^ 70— 60 ^j-u 4_>jj 

f p 

100 J,\ ? r aJL 1 a ^ w)^l J \^a 4_>j 7 ^ 11 ^Lij^l 4-g-Lg . 45— 25 |j-o (J_ 5 ^-jlJ 

C f 

4 JI 1a 7 \\> 1 Cjl- 9^ 4-Ljg 1 a tl < 4 -^jl-Qj \ D-LX-Lq y L "N ^) 4_jjb \ D-LX-Lq 

. ^Lqj 3 ^1 D4^cl_9 g I j> *N 1a ) l_jlJI_ 9 3 ^l_Lo 



DjJg-SJI 0jlgJ jl ^ WA )1 Djlj_> 

: 4_xJLlI 1 aJjLsJLL ^1 a 1^ \\<yi j ^ ^ 4 * I ^ r 

Tm ( product) = 0.41 x % GC +16.6 x logi 0 [K + ] -675/length +81.5 

I5^J! j^c Jj_<; length J 9 -L 3 JI 9 

s^kl aJLLXI 

0jIj_>JJ <&jjLlL) ^1 p 74— 70 ^ Qjjg *s II J-cLjjJ ajJI ^ i II Eg lo '4-1 g| 

f 

J-cLllII olj^J j-o J_>1 4^-S-J 4-^-x-Q J 15— 5 jg 5^ Jg DjJg *\ tl J_<3_2 _j 

C f 

lLUj (^7-b i 4_>^Jj-0 4 Iaj \"ul ^J) I ^ I ■C 4 _L^j_ 5JJ^1 j) jl Q v>> t 

J \^A ^ ^j_L) lLUj .LJLj^ jj-i- 4 - ^ -Lo-C J^9 p e 15 - 4 Dj)j_> 4_>j J ,WC 4 gl lLLjjjuO 
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QjJg *S II J_cLij ^ L-Q^J I) 

4 7 t I ^l^JLi^l oLl-L< 3-C j-LJ 4_dl_C 4 _\_ V.VLJ -^ 3->3 ^ I £. DjJ^-SUl 4 jl I Q £. ^IJ>- *^qJLJLJ 

olj^-Sl-O ^^—l—C. A_cJL 3 Lj L^_>IJ>3 ol \ \ <3 Cg . 4 >tJL JL) ji-c. ol A <3 rg 

jl l^^j-sJL) j-09 ^L^jd^l 0jlj_>3 1^3-$: L7 ld) 4 -l_> 3 _II oLi^X) 4 _s^Li *3 DjJ^-SJ) Pjj )j 

C £ 

jL_>^l 7 ) j-SJ^ « £^( 3^)3 cil-L.^^) j_C 4-^\— v.VL^O O L 03 1 7 4 ^1 £-|_d>* P 3 J 3 -SJII 4_jl_L<j_C 
^ul^j jg SJ jjjdLU ^3 . Pj-JL-**’ j^-C 0 LJI 3 J ^pL-3t 7 t DjJ 3 _SU J_cLij J_<j_ 2 JLjjjlj jl j_5d 
4 13 I *C tl j^o 1^1 r J 3 ^ *LI j ^ jC ^jd) qL^JL xijjLi -0 4-Lx-Lq L— )Ll-< 3 -^ 1 3 _J 1 J_cLid) 

DjJ3_SJl ppl Q *\ j_C ^Ls 2 p _9 < 4 ; g_i— UJ3JLII oL 1 <3 C l_^_x _9 j 3 _ 5 J b^lid J_>Ip 

. J _>1 ^1 l-jlJLq j-0 

f f 

DjJ 3 _SJl 9 -^ Ij^Lj Lj 3 >j_L ^)3 < DjJ 3 _SJ! J_cLij pp L l_^ ^ P 3 J 3 JU L-Q 3 J In II j-o ajp^sJI dLl.^ 

f 

DNA ^3 l a c I 7 1 1 l— ) Ll-L<3_2_j ^3 J3 pLpv^l ^ a * * J_ 5 diij j3_j>3^o ^ji^Li < 

f f 

^ I £. 4 ^JLS-j 4 -uJ-I 4 ^ 1 ^ iVI 1 t 4 r I \>> 7 1 1 L— ) Ll_L<3_C J-^9 ^Ll.L> 1 1 c Q33 tl 1 jJLlJ3 

f 

DNAP I {Cjj) j_o Klenow unit J_<j. ■ 2 -LjjjI 1 j *\ i >03 ♦ LMiM ^ 1 — ULjij^ 3 _r pLJ) ^jJLs-jLII p.La> 
j -0 PJ4^_>U3 J-Lp-9 ^M-3 i_s2pJ ^ ^ \-U 1 3 ^ - 37 4^>3-1j J-cLLlil 4 -^-Lo-S-) ^ 3 ^-iJ E. COH j-o 

J-O L<3-^ 3 ^1 ^1 l!jl^ 3 J) 4 V 4 ^ 7 ^ J^_c 4U^LcLiJ j_SJ3 jj— UJL-uJl ^ 3 _lj-J -1 

4^S->3 J ^1 ^1 Lljk_93J) O^L< 3 -SJ—UJ^l P 3 J 3 JI) c Q3J tl j-09 . J->l J-S9-0 4 ^1 \>>jj 

ol ti 1 <3 c p-l_>3^o L^3j_lb -^_>3J ^ 4J 1 ih_>^Lj Pj)j_>JJ ^Lo3 L^JL 1 oL^jJ^l JLq-sjljjj) 

J-cl-^Liil J^p_jJ_> oL)3_S1-o j_jl^1jJ 3 « pj )j— >- oL>jJ3 « l!jl^ 3 j-o luIj-jI^^JI) jl_s dU-LJ « |<i > ^ ^ " 1 1 
^J_C J3 >JJ Pj 3 _ 5 pJU 4 l_>jJLiJll oLjpJI) j_<3 4 JI_> ^ I g l^Q P^LlI) |<3_Lj jl 

f f 

^1 Lj In j ^ajIjJ 3 _^ PCR pLLp_c jl j^o ^jCjJLj 3 . 4 U 3 1 to 11 l^I-lj^^LJ ^pl 3» ^iJL> J ^>1 
j -0 J_s) ppl a *\ ) J_< 3 _ 22_3 ^Uhjj) j) ^1 J^l JU U* J_s) j 9 -SJ l7 J_<3_2J) 3 ) ^ Q \ Q 4^1 J_s^Li) jl 
4 ^ 03 7 \ 1 ^JbjJl 4L9 j_2-o jLi ajp^LLdl pjJ 3 _SJ 1 4 * I ^ r ^ld -^3 . 4 J ^3 \x> 4 tl ^Lx-LL^Jl 

4 -\— v-vL-d L _q . DNA L-d-Lid ^ I c Ld -1 4 L 9 j_s-o Lliip^3 4L33 3 j3 Sj 

|< 3-<3 p L ^j)3_d) j 1 3 ^ II uidl ^1 4 -x-L< 3 -gJl jLi mRNA L7 ^- ^^Ld) 

^ 0IJ3 \m ^1 ^ 1 c L s_ d ) ^ L<3 _^Jl-o JS j3 SJ j-ujLdl j) ^1 pLjJ^) 3 0IJ3 wi 

ob3J_<3_^ pj3_>3^o 4 13 1 ^ 3^_c ^3_x3t_j2pJ l-u-L^- j_c N q « mRNA 

^ )j_J I AA ; r Zj-J 5? Q ^_x 3 t_j 2 pjd |<1 o 1 P^j)3_d) jl l_<3_^ . mRNA 1" J3 ^ " \\y /) 

f 

^ L^J Lq-s-i—'uu I jIjJLI 0 jj^_SU) J-cLii ^j)^j jl jl oLjjXlg . oLjjl->_<]-^ oj;<3-X) JI-o-sj—ujI 
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D-Lj b J_Lo^ ‘ 1 (j 1 1 C j_5 J lil 4 7 loLiJl oL^U^JlII L^-J ciL^J 4J9. JLSJI 

^.tf.i.tl DNA ijuill ^L>t_5jju^l j-o jg *\ 3 jl j-SLr^ d4^cLq 1000— 150 j^u ^Ijjj a tl 

f 

-^_>1 j-o xdL9j_2-o 4 JLjl5jl-o J-SLjjjlj LiUiJ . gDNA ^1 ol^^oj^LJl j-o 

f 

L-Qgj In 11 qS^ 7 ) lLILl^ lLUj ^1 ^LsLs^bl^ . DjJ^-SUl J_cLij d ) I <1 r 4 -LLqI ^ 4 <3 ^ i! ^1 

. I g \ >0 



(Jcrliill ^Aj 



f 

0.5 — 0.2 j-u l_^_<3^>t_> l_jljljIj1 ^ 100 — 5 J Lj-sjljjj 1 Djj 9 tl o^LcLij ^ 

f f f 

100 j-o Lol 5 J Lq_2jljjj 1 j-SLr jL_>^1 ? >9 . j_lLLo 

4_!L> ^^£9 J-cl-^Llil 4 tl 1 <3 C ^ ^ \ 1 \\) J *\ \u ) JJ9J L^-J ^ VA9-J ^Ls jJlJ^j-SIjLo 

l^jJLi- jjl^- jj^ J9 ^ H jL<3 n^A t j H DA-0 4JLL) j-0 L^J Lo-S-L-V-U 1 

f 

^1 jjl^J! ^1 J*. J1 j_SLol J-cLiiJl Pa J ■> J_s L<3_L^5 dJLJiJj J-cLLiil 

f f 

jl_0-jJo. j ^LLj^JLO 4 jl Pa r I |^J 5 jlj»^jll 4 -^.jl-Qj jj Sj 4 J_x3 _2 JL_sjjl1) l-jljljLj^I^ . 4 tj uij 

J^jJI ^ ^yO^S-ll CjlJj_I I 9) Jgj nii 1 *\ tl J_<j_2JLjjjlj^ . j : 4_> t _»JLl) opLL5L} OjLU JLi-Ijl 

ojLj ^-^_c J a ) J-cLLiil j-o oLuj^ ^^-Lc J9 — : ^-11 j)j-j Lq,\ i eg 

. o)jj_SL<* jjJ^j-SLjLo 50 lt-Lc- pLij^l L<rj 9 -i^l^Jl J-cLLiil 



U9- 4 9 >^?^ 0-2 J- \>> qVI^) 9 j_ 51 jLo 1 " 0.1 a ; r a. jl_> J_S 1 jIij J_< 3 _ 2 j 

f 

4 * r j 1 lIjljLjIijlI ) j-0 4_xJI_C 4 -^>j-^ j 9~^9 Air « D^Lc) ^^_J>t_>JJ 

. J9-O 3 j_S 1 jLo 1 ^1 j-x-^jJLl) j)j_j ^J_< 3 _ 2 JL_lsjl 11 



J 



\^A Q ) 



ldIj^jJ) J4^C 

4ljI_Ljj_> J ^JUJ) 4 tl <1 ^ L^JU) luIj-JJJ^JLI j^A 7 ) ^_1_C o) j9 4J) J4^C -L^JLXj 

f 

olj^j P-i^Jl j) ^ ^ ja * tl j_<3_9 /v^ 5? jj SJ jl 

c ^ La 1 1 p^L ^LjjU-o DNA j-o 20 1 j ? a J^qLsjlII j ^ o 1 1 4 * ^ ^ tl 

25 ^ 100 ^1 J va j jl j-SLr ^5-iJI gDNA JLq_ 2 _ljjjI ,\ \ c 4 \ <1 *\ tl 

f 

: oljg^JI JJi-C. jjgj ^_J) olj-sigil jrO 7 )g 
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. DNA J o 2. i jjjJll • 

. ( Mg ) q qI Sjl II • 

dNTPs • 

♦jl $ )^1 ojl^- • 

oljJgil j-o L*^_cg 

D-LGJLsJ) DjJg_^ J_cLlJ JI_<3_2 JLjjj 1 Air ^|_L<3_9 < o)jg»d) J -L.C jJgJ J-cLfljJl ^ ^ g 3 jl l_<3_^ 

-^.c L ujul— uj Djgj 35— 30 j-o ^LjbJl ogd^d) ^ ojgj ^Ig-^ pLu *0^1 j_SL <r 

^ oU^L-ll jJg_$J 5) 4-u-S l _J g_jCj--Q gHL_Cg ^Lc j;9 o(j ^j_> -^-dgG j^j-9 J-Jl-L^J 

c 

g.L_»_jg DNA j-o djj^Lo ^^-Lc ^gJS- djLc L_)ilg *\ tl o.L<3> J_Log l7 J Lg ^ *N 11 J_x_>jJlI) 

. dj_ 5LJU o)gg»d) ^ a ^ \>> 7 1 1 DNA ^GlgjJ ^ ^ tl p^jlg_»Jl J^Ljg) j_c 4 J>Ij L^g) 

^1 5) ol_L^_»_Lo U7 _Lc ^jLqJlJ) p)gJL_>l ,\ir Lbj.L_c j)jg_j jl j_5Lr olgg.d) j) t_o_^ 

f 

. DgJg_Sd) J-cLLuJ jg_>) Cjl_9g__2_-0 
cj!.\ \ >9 \ I Ng i i tl y^y 

j^ dNTP J_5J Km j-o c7 — Lc. 1 ^gj_ uju; dNTPs j_x_Slgj l7 _Lc IgLljU jggg tl j-o jg-5d 
^Lo-Gl oL_L<3_C J-0 ^iiglgJLO jg SJ jl L-jL-^g < 0gJg_5d) ^ LJ_JJJ gGg-J Lfcj^lgJ jjlgJ 

^LoJ ^ I r TctCJ ^gG^l 4 -x-LLq yy jl j ^ £ L4 LIGJ a ; r -i^_>g »L_9g . ol^-Gg-d *^g jlJlJI 

f 

. TctCJ 4_9J j)jjj j) j-SLr <dJ_J_jijg ^g_tL— UJL-u-S-ll (, i rMj I ^ G Q Ij IjI j_5dg LL^GU -L_c)gGLt) 

200 ^VJlg) Jg^ogj-SdLo 500—50 j^u J_<3_2 jljjjJ 11 g^_$gjLJ) jg_5d 4-0L2JI o^LcLliJI ^g 

^ g-u-V.VL-u-S-1 1 ol_jg_jl Jg_>g_jg ^jJl 1-L_<b j) -^->g -i^9g i (^I_<3_2JLjjj) j_L^^1 yb Jg-Ogj_SdLo 

l7 gJ) ^)j_cgj_5dLo 6.5-6 ^1 J \^A ) DNA j_o ^gLj ^ lo ? 1 j-SLr (Js-^ L7-^° 1*5 ) £j_Jd 

. ^Lg $ *\ tl Jj^g-dL I g 1 c lG_ u jl-SJI j-SLr 



^UWySy 

O^jl_ 2_0 Cjl -S_\ 2 ^g -i^ 9 g Pjglg-iJl oLjg_Sl -0 j-i-^ljJg ^ g-u- ui-LS-l 1 g ^g-jjg s^A tig J_<3 nil 

Dj_^J ^yL-jjj l_< 3 _^) lIjljGjJLj^) ^ ^ x Gj C 7 J_C oL_jjjL> ^S ~^9 0 ~^~ ^ q 4 I 

1 1 O^bd) j-09 . ^Lill jgjJ^I G^gJ 



AS ( Salt cone. ) = AS(1M NaCl ) + 0.368 x N x In [ (Na + ) ] 

(1 - ^jL-JI ) J) p^jLJI ^ o). ^jjg <1 1 5g_iiJl ^l^jl -)-^c N JlGg 

: (mM) J^O t^iKXI ^dll [(Na + )] 
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[Na + ] = Monovalent ion cone. + 4 x Free Mg ++ cone. 

_l_ c 

jiJIj K T Jjlo 9-sLSjJ! oLi^XI j-0 j J_ 5 U jl ^^£9 

\ ^ 

j 4 _c p^jLJI ^L^jlII du-L-tj pg-A-jjj Ijg-Jl j^_j|_s . L_jkJLiJl oj^d j jjLlj 

^09-4)9-0^1 jl 4->9 0-^9 1^34— ujljg-Jl (j3-jl (59-^ LdjL sjj pjj^o-J) dLjL^3 < (j^a n^a >d-tl 

^l_>t_jLi^l j-o Odjj (jl j- 51 ^ ^34— ujljg-tJI J34I j-o (JJI3JL0 J ‘N \u ) d^ 3_>3 , \ i c 3 (NH4 ) 



l 53_^- Ajdil J-4_i) pjj^j Oj $ Ea CILJ4J9 < oL>jj j-o (5-^-o c7 — Lc. j^a \^a >dl) 

DjLj4 ^\-jq \w ) ^3-4)3-0^13 ^34— ud L-J 3-4— II j3-jl (j^4 J_>IojlH _9 . (NH4 )S 0 4 3 KC 1 ^_Lc 

. 4ojljdU oL>joJ) j-o (5-^-0 (jdx ^jJI 4 J o r 

U jj-a-dJl J3_o_2_J) U7 _Lc oLdjjJ3-iil £Lc9_o_o>d* JdJ^j ^34— u)b3->JI j9o) jl l!_Uj 

Jd^loJLj ^03-4)3-0^1 J94I jl j 4 _> ^ < 4JUJI9 l_4_J I j-u fbdJXl 4 4I o c du-44) (449 DNA 

f 

^LxJ4_>9jJljlJI d-_C. 1 3— I j-L) ^^bJI ^ 04 -C Air 4 _sd}L> 4 i 7 tl 4-444^ 9 j , \ i ^ 1 1 J-0 

j-o 44JLC 4-\_ivLi c IbLidU ^ o-cLjjjlj j-u 94 -^9->3 jLs 1 449 . L^_)94j J_ I— ^49 

. d)jlj_il luL>joJI j-o J-5JJI9 ^50-0 ^,-Lc j^a SdJll d)jLdo j^a \^a >jl11 

f 

^03-4)3-0^19 |094— UJIJ34JI 0IJ94I j-0 -Lo4_L> L7 _Lc ^4_J9 Li-I Pjj^dil jl ^1 CjLjjjIjO-II Ojl_si)l9 

f f 

— P^jLjJI j-0 4 -dLl 3 t-ll 4 - 0 -IoJ^U fL^dJXl Oj)j_> oL>jJ 9I ^034— UJL-i-S-ll J4-Sjj 4 -LLqI j-o J-Ld) 

c 

Lo-C M do q L^u^ |^9-H9^^I l$ 9 -^ ^bjL oL 5 j_s 1 jlJ 1 0)44 lLU-LJ . l-jlJLl!) 

. J-cLidil j-o J-^oLU ojLj 0jJ3_SJI oUjjj dJLs-S j-dS- u 3 Q biil L^-joJLs j-o 






4 _> 



V d09_J) J4-Q9 jIo-c^I pLb) 



l~A > A.\ I a l-)L 2 _>» \u II J 9_>9 

j_(_c o^Lcbij J j I ^ 
A Jj tl dj L_ L_4J9 ^lJ I qAzSLj A qI \>s\ I ; c j sq 4 /j J9 *C tl ^jj j J4-Q j-0 DNA pLlJ 9 dJLId^l 
9-^ J <& l9 . JdLidil jdioi ojLjJ ( SSB DNA binding proteins ) DNA 

O L_d> Ls*O-0 9 1 0LL04J-O 4_9l_doj4 l—o I j9-Sb 04-^9 J-O-sJI j-o 4L-UJdlJ Q4J9 tl 

^oL)l)jl->L) ^jJ^I -Looj 9I ^o- 40 j-o J-sl d)jlj_> oL>jj Air TeC| Lo * ^ ^<Ia t Jg, t I Kq t ; tl 
. Hot start PCR ^Ulo-LjjjlJI P44JI ^Lojj_Lo j-o 44_> J \\\ > J_o_sj j-tdiLbl ^-^9 « ojLdo-o 

f 

Ojl^Jv 4 dvjJ J-ij (j^^ L7^l J— < 3 — 22 — 1 1 j-0 0jJ3_SJI ^jjj Jdr (^^Jl Q-)l VA II ^ol— J I_0_2 _Ljjj 1 9 
fC-»J J-^ jl -il L^-I ■ xjAIzj, f ^ 5 55 j_o ^lA ) 1 (3 > mo jl j ,4-!) diil 

^jj^l j49^ J qVI^ 4 4 _o_LSLo ^ x AdJ gj^Lp-sJI J-u-V-U 3-4) 9 4 _dl_> OjLdd-O |OI_Jl)JL_>I ^1 jrl-L-^ 
J3_2_)9 i Ojlj_>JJ 4 — Dl) L)l)JL-> 0jd2_Lo JI_0_2 JLjjjI ^1 d 9 j_ 2 J| Oj)j_> d_>j 44 JL- 2-9 j 4 -C j9 j 4 _OJj to ) 
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^ ^ ** j ‘n c L< 3 _^ . 15— 6 d-l1 ^ - 95 oj)j_> 4_>j.ij o *M 4^s_> laL jjjuJJ 

. ^ Q 4_jlJI_C 4_Jj)j_> oL>j-1j ^1 J_< 3 _ 2 j ^ J-ujlJv ^jJ^I 

l-Qi \ ^ 11 DNA ^_>t_>5 p^jLJ) ^_>t_> 

f 

Dj)j_> lLLLlt ^iJlj D^_2 _j^J) JI_<3_2JLjjj 1 jg ^ j DjJ^-SUl cALcLiJ 4 -L-Lq^ 

c f (■ 0 

,W C 4_o_$^Lo jg SJ 0-L_d> J_Lo j-SU^ ‘ J q! 4_s^j_i j-i^J l7 -LcI $1 ^ 54 J_Lo J-sl 

. 4 lo <i nil tl ) Lq 9 _Lu->U -L^Jljit) ^ vog Lq_^ 4-jblg \\i 7 tl Dj^_ a Jl Pjjl^-JI JI_o_2J_ujI 

c 

. 4-oLsJl DjJ^-SUI O^LcLiJ ^ J_<j_2JLjjjlj D-L_cl_9 18 j -0 jLi lLU-LI^ 

,\ir ^l_L< 3_9 DjJ^-SUI J_cLlJ ^U>* ^ 4 L< 3 ^>t _>5 L-Q,\ tl 4 t CgJ jLi 4 _jjb 4 _^_> j- 0 § 

4 q g»lj-jg j ^ os jl j_SLr pjjLJ) jLi (gDNA) genomic DNA L_jLij 9 cDNA JLq nu ! 
J_^ J_S 1 jjjlj ^ p^jLJ) J^-L^ jl j-5bj l_jl 4 : jJSJ 5 . ^ ? 1 1 j-i_c oLL^Ljj^l 4_Lq 

f 

DNA ^1 dLCj_sjju U ■ i ; jl jJLr j j ^ ^ t l j: jjLJLi . Entropy ^1 L_)L_JlSJ^ 4 <3 tl 

jl_9 4 _jljLj 4 >• j -03 ‘ DjJ^-SU) ^jjj ^4 _jl_JJ lo \ lj-J j) j *\ c LljLjb l_jljl_$jJ jg *\ jg ci 1 \ \ \\i 11 

jl ji^JLj 0 LJI 9 J pn * ->t 1^-3 a ; r D-LX.Li 35 —28 J 3 _kj ^1 ^LlJ>- 0 L-L< 3 -gJ 1 q2^-5Lj 

: 4_JI_> ^ jjL»J 1 j > Q jj Si 



j-0 4_LjLc 5 ) oLljlJ^j^J) jjLlhJ J-Lo l-^_> 4-j L2JL0 objjJ- 0LJI3 J ^Pl3» 1 • 

f 

^l^j) j-o (Homogenous) ^UjLqjlo oLljl_> 4 jgJ_^ 4 JI_> ^ ^1 -^>1^3) ^^jJ) ^ oLljJ^^lJ) 



<LJlLlj>uQ 



j^o 4_C^_<3_>t^ J 9“^9 2t^9^ j£4^_2_J lLUj^ « HIV-1 J-Lo oLuj^j^^iil 0 LJI 3 J |<1 * .>t a 2 ^J • 
^ DNA j-o L_Jl^iJl J-SU x ^ J "n \\) > J-oLSjl3 

Software L-j^-jjjLbl ^uo)j_j JLq-sjljjjL In Silico L-j^-jjjLbl ^ 1 c p^jl^-J) 4 _jjj)jj llU-LJ 

f 

C7 ^J1 < 4_<3_j^LL1 Ij-jLsj J-Q^l ( j_L^LJl) Aj-^>t_Li oLJI^jJI aijLii 

. jLlJL>^ 4_j)-^»J) J_SLsjjlj 

^ 4-J L^-SJLjjj 1 j)j_3 Lq,\ t C jg *N J j) J 1 ^-jj ^iJl^ ci.N tl ^1 jJhjJl ,\ir Lo) 

c 

j-^_S_i J-cLLdl j ^l ~ PCR ^GlgJ l7 3j ; lj_^jJ| dJ t_jJLdJ) j_j_SjJL9 . d I < II 

J^iXlg) dJLL^XI D-i^-0 « ^L^JLi^l D-^-0 « P^jl^-J) « ^jJ^l : L^Jl- 0 (J^ol^-sJ) j-0 

. ol^jJr) ti 1 ^g-ulJl « j_b) ujl-LS-11 oIj^-jI L—uJJJLJg « oIj^-lJ) J (L^jJLLj 

« I -^_b) j_C ^—LuJvgj, \ ti ^ 1 1 |<3_SjJ) jij-J LlLJiJ DjJ^- 0 j^-^J J-cLLuJ1 4_LjlJ jl L<3_^ 
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DMSO 9 ) J 9j wi 1 1 *s I I Jjlo oLil 11 JI_<3_2 _Ljjj1 J-Lo ol_clj _-0 j-C 

c 

. ^Ljl-> va^ tl I C 4jlLLs oIj oLf)j) J L<3_2_Ljjj ) 5 e^LUl 4 Iaj— uj! 0-^-0 J-J-flJg 

j_-o a_j a_sJI liJLjl ^_9 (Long PCR) Sj I ^ a ; r ^LqLc aj^ ^ ^ 

oUjJ^l j _-0 JL< 3 _ 2 _LjjjI ^1j_5JJ^U J va fljg J-cLiiJ) j^JL) jl J-olj-sJl 

J I_< 3 _ 2 _Ljjj 1 ^ 4lLcUj 4_Cj_sjj ^0 djI o\ nn ^MJ Taq JLo u j J±-o 2- polymerase system 
. l 7 _Lc I^-LjlLLs j_-o djI <? ^ nuMJ Vent 5 ) Pfu J_Lo ^j-^l oLrjjj 

f:Q \ U1 1 7 11 j5_j) j_JL_SjJ 

^ J 9-0 (^-Lo 1.5 —S J-Sljllj J^-O L 7 -^° 4— 1 L^-? ^ VA 9 JJ j-x-^lj-Lll (J 9 -Sj 

£ 

jJlSI l_jjL2- (^4 * ^mi (5-^21) j , \ \ c g d^) 1a >• J_SJ J 9-0 0.5 J-u z _r ojLjJI 

f 

. J_Lo^( j_x_^jJlI) ^1 J/) vAgJJ J 3-0 l 7 -Lo 0.3 — 0.2 { yu ^Ijjj OjLj JL< 3 _ 2 _LjjjL 
5 EDTA 5 dNTPs j-o 4 Ul-o 1a \ ij-j Lo ^^-Lc j_j!) ^g-yAn-u-s-ll j^l j-x-Sj 

dNTPs 1a 1 i jJLl pyi-Li < j9 j j-o |^^-jlu-x-lsJLI ^ 4 -^ . (PPi) Pyrophosphates 

^ < DjJ^-Sdl *L*JL±JiA~] DjULI Sj 4_jlj)j l— ) 1, \ a V j Sj 4_J1 

DNA ol_Ljj_> ^1 J ut <? i 4 llLq a ; r |ij 9 DNA/ DNA o^L>1-ij 

4U I \^A <3 ) 9 1 4uL_C 9 Djjg *N tl oLrjJ^ Lx_<jjj LjLqIj-O (j^-Slx-Q 4 lJl- 0 J_il Pj-il 1—0 1 * ♦ l_jlJL^J) 
J^A VA >tJLO JHL-C /<q-x-3r va! ^1 J-cLliJl 1 a J >- ^ 1—0 ) . 4-LuiLs-S ^J) 

J-oLS^ J \\\ ) I ^ St_ijju0 I 1 V \^A jg a tl (j-u 4_J5_Q luL> 9 Jj_-0 oU}i^l 4_iJL2_Q 4_9j 

oM^U-dl jLcJLc!^ . 4 ^ ^ ^ 99—94 ol_>jJ JI_<3_2 _Ljjj1 A ; r 

^ ^ ^9 a l_< 3 _^ Bell shape J_Sljiiil 4 -x— ujj_> 4 _q^Lc uju_s_11 ^ I ^ 

.1 1 J \\\ tl ^ ^— 5 ^ 35-0 L 4^<3_L2J CjlJ (jl^) 4-S-JJJ )g ^-LLq |^-x-S J--0 « ^1-^) 




_UJ 



J-uaLM 4 t J-0 \ M I> \ 7 11 (J9-j) 4_9 ^Lc : 1 1 J_SL 

. J-cLiiJl 1 a J >- ^ (J 9-3 L 7 ”^ 1.2-1. 5 ^ 9 -^: ^g-x-jLXJU-S-ll (J9-4 J- 4 - 2 JLjjjlj CjLjjjIj-lJI c \ \ C Ig 
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QjJg II J r I a 3 J-0I9-2JI J_> 1 jJ 

j \h \ i aa~) |jj Xj d-JI-Lo £\. \ N^A ^ t jgJs jI ^ OjJg_5Jl J_cLij ^ OjJgJU J_-0 ) 3_22_J 1 jl 

: JLlIl ^^J-C cAUIjuJI 0-L<3> j-Og < ^ \ $ VA 7 ) jHLjljg L^_L>1-1 j jLljLC^I 

oLig-j) 4-1-9 ^Jg_Jg UJL-LS-tl oLig-j) L_jl_>i_JlSJLJ L^jLs J I j )j) i~ 4\ t lg * I *Cg t ; tl • 

^ 4Jljl_2-0 0 -)Ljj lIILlJ^ jg "i jl L_jL_>g liJ £G)gjJl jg_5 J ^.L_C ^1 ui-LS-ll 

^JgJ L^jLj j) ^ < g_>l J-ig-O ^ g-$J L<3_^ ol-^jJg ji 1 < Ng-i-lJl j_x-$gJ ^54 -^jl-1 -S-11 

Lili-i^g i \^W j-l_c i~*Ia 1 jg t I *Cg t ; tl ^LoajI jj>*_jlijg ^Lj^_j^3tJLo j^-C £GlgJ ^LLij ^ 7 ^ 

f 

J \>> ol Q lLU-LJ EDTA J_Lo oLj^jMJ 4 _j^L> j)g _-0 ^ I r ^gJs P^jlgJ JL< 3 _ 2 JLjjj 1 a ; r JLM 

ob^j^l l_jl_>6_lsj5 ^ 7 I j jl— ujl-LS- 11 oLig-j) j^ljj JI_<3_2 JLjjj1 4 \ vAgJLj jg *\ j ^Luj 

. J-cLfl-JJ 4 _o_j ^Lo j^-C oLj^JLjjjl-O ^1 1 ^ \^A Q S^g OjJ-l 



Ojlj_>g jL^_ ^ i Dj Ip* oL>gjg CG j-o p^jLJI j-u -L^jIjJ llJLl& • 
— 56 i yu UjL^-j^g) oL>jj j3_Sj C<G /50 ^^-Lc 4 _jgLUg o-^_cl _9 20 Jg-L^ p^jIg-Jl ^Ll< 3_9 < 

^g^Ul 4 _JI_>t_£ 4 t I rg , 5 j I j I * I a *i a ; r fLiiJtfl 4 \^Ag _9 j_ 9 gJ 4 -^_&g 62 

I qa ; r ^UJG j) j_5L <r 4 _lL^1^J1 ^ ^ 1 1 1 lLUj^ i J-cLGjJI hc\ A K i yx) J-LGj 

f 

; L^_j^2lj^I Dj 1 j _>5 C.G j-o P^jLJI i yx) 4 ^LlJ) ^jgj \^a tl j-09 ‘ 4 ^ lolg Tm jg Sj 

f 

L^vjJlGj ^gJI 4 ; *\ <jJLl j-o 4 r q <3-^0 j-o l-jLggljI ,\ ; c 

/ 65 — 50 CG j-o p^jLJ) <j 9-^ jC j^a ? < tl ^ \^a ; tL ^Lj^Lil 

J N^A t Q tl jg *\ J oLj^3_lII D-L.& J_^ (j -^9 ♦ /55 — 45 J _>^1 j^A 7 Ml ^ VAg-) 

. 4 -tL-L< 3 -gJl ?*G LjljlJ I I ^ i JL J 



5 6 L^>j 



4JI_>t_Q idLjJ-C^ . 5 j- 



d4^cLq 24— 18 p^jI^-JLq ^ 1 1 1 4 ^ J_5Ljjjlj |<3_^L5jju p^jLJI • 

J_Lo^ « J 1 (j N ^A )^1 4jlj_> j-0 ^G_Jj_ 9 ^ l_>t_jLJ 1 4jlj_> C-\-L< 3 — S-L-V.U 1 1j 1 4 \^A \^A StJLQ jg Sj jl J 4 -G 

^ 0 LJI 5 J-LJ 3 djjLsJl DjJ^-SU) O^LcLij ^ -^JL_> J \U ) J_< 3 _ 2 _J D-Lc 1 > 

j-0 4^j_) D-LX.L 9 ^Lg^Lq j^A VA >gJ 1 j)j P^jLJI J§-t4 j)j Lq_L^5 . o)j_jI_2J L^4-Q 

l 7 4lJ1 l^1-Lj3>^1 5 I ^Jl^J) 4 J Cg (j-4^1 Lo-S') i_3l_2— \ 2 a ! d_£jj! 7 !l 

. I (j V o f< 3 _>»JLLj j) j-Sl jC 



* 

^uolj-j j-0 -iJ-LJzJlg . jjg-o J *N \\) > j) j-SLr L7 -Jl> J-cLiiJl # 

♦ I ^ " i 3 ^GlgjJI J -0 P^j)g_Jl jLl^y 4 \^j Q j_ 9 gJ (dj_S^J ^yL_ 5 jj L< 3 _^) L_jg_jjj LU 

^Jl^J) ^_Lc 5 a.- -A<] j_a_i ^iJlj p ■ •>• *>> ~ 5f L<lS p ■ *\ pjLi d_! pji^jJ! Ja_Ld^ 
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j- o L-Q,\ II i* 1 I ^3 ^jUpJI 4 t CgJ L;r lc -LxjJLSJ <dU 2 _^Jl D-L &3 . ^U_< 3 _SJ_ui-ll 

: ^l_L< 3_9 n,Q 7 tl 

d4^cLq 1000— 150 j^u (j§-Sj jl ^1^21 ^gI^jlJI JLq-sjljjj) 42L> ^ • 

J_Lr L^_j^ < d-^cLq 300— 120 j^u ^jLqJlJI j3_52 jl J vo a j <4-j-j_jjj21 ^jLoJlJI • 

I-Ljj < I $ ti q j 2 ^I J 3 v- |<j v^i j ^s<T ^-j2) J-Sl^Jll 3 I 4 < 3 —L 1 oLlj-iL 4 v^L> 

. 4 a Q3 jl L7-^^ J-cLiiJl oLj_>«^o j-o J-cLLiil j-o J_>l4J 

< ^L-sl^Jl oLog-Lg-ll ^ to ?j lLljl-^: ^LS' ^gLlJI (J9-S2 j) oLui^l jj vo A. ^ • 
— 250 j-o ^ul^jJI jj SJ jl J \>\ a \ ^ \ * Tl j^u-SjJl 4 _sjj)j42 oLsjjl_^1 JLx3_2JLjjj1 4JI_> ^ ^ q 
L I V^> Q ^ JL 1 o £. J i ^ \U 7 t 4 _jl_qL^ oLog-Lg-ll jj ^ 1 1 D4 ^cLq 750 

^I^jJ 3 3 5 oLL^jJI ,w c 4_93j_2-o ^^J^LlJL ^jJLj j) l_jl_T L_)l3tJLj^) jl_s 4-ol_c Dj 3 )g 
4->j 7 J 11 P l 5j)3_J1 4uLilJ jl_9 ilU-L^ 4 CJ 1 3 _>t-i 2 _I I j-0 4 -j 2L22 ( jJ^L2ll L^LkjLil |<3^3 4 J44>^0 

• J a . "> 

C C 

4 ^Lo ^l_4_> ^ L ^-^9 lIjuLS^ Oj)j_T1 oL>j-1j jHL-u-SJ j_-0 4 l_>Ll 2 - L03 J-cLj-lJl 0I3 to > 

jhul-sj dj3_L2ll-o Thermal cyclers 0^34^0 J_4 _sjljjjlj j voLTl 44-932) ^^9 j_523 

f - 

Protocol jj_9 9 jL^J-l d_>wOj-j ^jjlj j| a_i5_LLJU oLs^^l LJI I ^ ■ 3 ojljJ-l luL>jj 

ju. ■SJLjjjI O^LU J>> ^ ^j 4 JlXI Djlj-il oL>jJ jHUl-SJ I_< 3 _jl_ 9 ^ « I ^ jl Q l_)3^CjJH 

~ c 

o j9 aJI ^ jl j_Sl<; aJuj JaJI a ; >3 , 3 . Gradient PCR machines jJLSlo 9 I oj ^-1 

C M C f 

JjJl 4_<3 _J^Lo 4 tl lo C I ,^7 -Lc- (59^* 4-5-J4J-I jl j_C M Nr^t Q 5 j-o J-SLj 04^)321 

f 

^ 1^1 ^ I c LljLjjJI j -0 4 ^ A L4 J L< 3 _ 2 JLjjj L L^ 4 ^Q ^j_jL 3 gjji-L< 3 -sJI D-Lib lIjljL^ j- 3 t-L-lJI 

. g-xg \\\ tl j-0 4 <3 \ lo ) ^-L^-SJ 3I J-cLLuJI to ti I >■ 
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jjijji j a n 


cj^LcUj ^GlgJ Jy^Q 




^ J a t) oLJI 




J a It o^Lc ? > \\>) 




jIj-o 




(■ 

JjL^jjJI 4 1 <3 7 \ \\\ 11 Dj-^_>^l 




Lig^Ib 




Controls hj u . », tl oM_oLs_o 




Product visualization ^L^Ibl 




^Lj-^-SJI Jjl_>jJlJ1 JLg ? > ml cdIja_>oO 



O^LcUj ^uf^J J-J^-9 

f \ 

L_Jj L>iJlJ L^Jl^Q ^LJI d_5L. ) Dj_JJJ L -0 Lo I 1 §JlJ 1 J o a I jJJLJ DjJ^-SUl J_C LlJ P I ^ ~ * 1 d_ 2 _) 

£ / 

oLJjaJI ^ ^ 3 ^) . 4Jg_|_S^ tl ^) oLJl^Jl -ij-ii J_Lo oLjjjIjJ i yx) ( 4^jLjjj 

f 

J Lq_ 2 JLjjj L £ *\ tl J_jl_>jJlJL ^jJLj J tl ol ti 1 <3 Cg . j -0 -d^b-I) ^1 \ £ A C 

jIjJI) objjdLl xdLx _9 LiIj_>tJLj ^iJl Matrix lo sugJI §1 4 _u_\ 2 ^ j ^ I . (Gel) 

cjLj 2 -j^ l^o ^ I r IjLqjlcI oLjJ^jJI ^1 DNA.RNA J_Lo ^Ls^ba-sJl ol_LjjJ-l J_Lo L^_l ^ q 

oLljlJ^jJJ ^L-JJJLjlJ L dj 1 _L_>c_^ajlJ I 9 ) 4_j^5_lII j>> ^|g_>JJ 4-jt— U lLjlJ L ^1 i yX) 4_JdiL> 

f 

oUjjJ.1 LiLfjd>dLl ^Lj g C JL^o lo J w) 3 d_s_j 0 >1 a L;r lc jLqJLC^L 9 ) 

f 

a t II oaj£ jA-9-g Sieving J-itjJ! oj_aLIa j ^ '>* A^-Aaj 1 J^U 

. d_s^Lc_sJI oLijjJ-l L^Ja-aj 



^ J \r-^l <? II OLJI 

End-point ^1 ^jI^aJ) l7 _Lc ajjLsJI ojjg-SJ) oMcLii ^ J ^ ^ t l oL_L< 3_C ( J_»_IdJ 
Of) tl lo tl I \M 3 (j ^ >0 j -<3 NrO \ ) Electrophoresis ^ ‘1. ^ <t l J^jaJ^ products 
a . ->J J!\U- olLijJ-l llL^aJ J^- "■-■ ^^aJ) (EMF) Electromotive force aa-sIaJI 

.-. K; dl l 4 t tl < V)Jg . 

Networks ^ ^ U l i \ » *s jj 4 ? A » lo 5 ) Crossed linked polymer 

4_j 1 l 7 _I_C 4dLJj_2_J j_SL r ^1 < I ^ 7 tl CgJg l^jj_^_x_LSJ ^JlJ) oU_Jijd>JJ jdiLU (jjj-II ^LlIL^ 

c 

^JlC. ^5-iJI ^^jLj £ ^ Cdi 4_$jdU ,^-Lc LfejL^lj 4-J^d>t 1 Djd» t-A 

£ 

. ^lSj_>JJ 4_2_sldil ^ 1L aj^jjlU 4 * P J ij ^ < L_jLJd_Ql ^1 IdjjJL 
(■ ~ 
j-ii ^UljLlo j-j^L>^o J- 4 _^ j>> ^ t tl q oLbjJ.1 ^ I c IjUm_cI J \x> a tl oLJ^I L-^-b-^g 

j|_L)V-> (jl J-^-^-lb j -03 ♦ ^ objjJ.1 I^j cllj->tJLLjjj ^7^-11 4 _Cj_jjjlJI 



J* l^iSy> j 3 _Sj LiiiiJ Long rods 4 U jL NrO Q L-Qj 7 sDNA 

j_La9 ' a. ' 1 C)Ax)Ji_2-Q jj < C~ Q d_i_fl_Lt-l oLijjJ-) Lol . L^_<3 A>uA- 1 0A^ji_2-0 



py> oaa jl j_SL<r olA^oj!M-JI Jj_o oLijjJ-Li . Radius of gyration ^ajJI 

9 ! Relaxed ^Ls-j! aJLa- ajjLS^ |j) Lc_i _9 paals-q 09-^ y 3 ^ ■ 9 ^ 1$ 

Jja 1 RNA 9 I DNA j_o ojjaU.) d-Lj-sjjkl of j oLijjJ-l Ul . Super coil iuiAU 

f 

A,_2A) Ia^qAj ^ H J^l_> j_>L^A L^jLi JLS—AjXI O \ a V O oLijj_> jjg Sljg elj 1 -a iM I 
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j-J^lg^1 J— UJL-Sj ^J) J—o)^_22_n j-0 jL-9 LlUiJ . ^MjJI Lc I-^qJLJL-O 

I ^ 1 ? f 3 ^jggjJl j^olgJJ g-jjjJl J-j< 3_sjljj jlj Formamide g NaOH J±^> ^ t l 



: J a f J o 7 7 jjjLJ fU^Jlg . 4_Lg_L jL_j lLIjJ>- 



£.)gj) 7 ) L_jg_iij O* I ^ 1 <J-£» ^iJ) 4JL>i_5liil ^g-Qg oLjj_jLl D.L& l!Jj_>JLj 3 oljLjJg^lJI • 

J-SJLjjjlj jl j_5Lg . oLjJggfJl J Qg JJ>* ^ -L-cLjjlj ^l_9 Dj-u_S^ jg *\ J jjjL^X) Ji_o 

oLg_L I ^ jl q dLij ^^iJl SDS jg_>g a ; r ^ujjjl- 1) L^gj_lb JL<3_2 jljjj 1 J_Lo L_£gj_L 

c 

. jg_>) oLjLSLoI JI_< 3_2 JLjjj 1 j_C M v>> Q < ^L^t—UJL^rg oLjLJLjgj^Jl 

DNA oUj)_> • 

LlUiJ 4JL)Lj A\~ *\ \\ / gj_uJX—Uli 1 4-J-JJJLJ jg Sjg 4 _jlJLjJ ^g_>t_JJJL-0 jgJ^J D-L_&g 

L_9g_JJJ fU^JI 0g_J2_> ^Jg-^jJ) J_5^3g A^S-V-Q . Li-Sg L_JL_>gJll L \ L <3 tl 0 L^-L_3 Ll]j_>tJLJ 

L_9g_sjj La PI G j L sjjl -0 J-Sg ‘ Qjj ) II ol_LjjJ-l j-Og^-Sl £LCj_sjjlj hj\ 7 vo II oLjg_jL) LlIj_>tJLj 

, \ » c g oLig £ 11 -^_>1 Jjl^ ^^iJlg Bands J *n \u l7 -L^- ^i>3— o— s-J ) ^ Djg_>gJU jlgJU ^lx_s 
jg^-g ^1 ^Jl Smear ^ 4 J < ^ > 4_Lj-)-ii_o j ^ 1 jl j-SL i^bJI J s^> a tl 

o 1 jLjjl .11 ^ I £ \\\ 0 3 j-slgjll L^J ,^-^il I^j-i-lg . I ^ 7 j j_C 4-Jg vn 0 4) JLC. olig *\ 4) DOC 



l 5^I 4_ v u_<ij L 4 J j) I g \m a 3 J v-o a 1! L-3gj lo I 






L7-^l9 ^9-^ 



J ±zjq j) 2-j Iaj 2>3 . <ii 9j _2i) jljgX) olj Marker ladder oLj-ujI^I ^Uj 

j_S_^ l_d>j 9 ^ 9 ) |£j-^-l iau" j-09 d 7 lo a II 9 I uj-Lc. ^oJi_2_) <d_SjJ-) 9 I Oj_>^JI 

. hj ~<q II J_cl a 1 ( 5-^-0 d-3j-2-c 

f 

SjM-I DjLj^-0 4-^2—^ L^J ^U_<3_SJLjl^L-1 I ^M^JI ^ 19 -jl L * I r I jl j-S^-LJL J_j-^il j -09 

Jlil JUliAul j-o ^oLJI jjljJ-l J-o-J-l U . 4 . llLLl! . Anticonvective J-oJ-l 
4 I ^ Lo IbLiJ-l l7 -L-£. OjjLs I ; I r Ig . J3ujj| 4_t_L<j_2J LoJ^Lo jg_S_)g 

. 4 g ~v!MJI oUljJ I^J 1_0_S-L-UJ I j f ^LJLg 4_lj_2_0 D 4 JL 



RNA oLl» 3 _>- • 

f f 

g) RNA olJLj_j>t_j ^iU ogJj j_c l_*2_j1jl_ 5L! 1 J-Lo ^UiJjl3^o ji^lj-c^ ^^L^_JI ^ jl j-^-C 
4_>t_^lg |^j-> j ^ j olgji-JI 4 -a L^LLI j-o ^jLqJlJI RNA g *i^LSL<ij 

oI_Lj^j>» U 

J *\ \u > djLc j_^JhJg U>g \^>g Jil j (j ^ a ^ ^ I ^ ^ II Lo) 28S rRNA « 18S rRNA 

. J-Sl D^-UJLJg 4_>t_5L5JL-0 
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J \^s a \ \ 0*1 /) 2. 1 ml 

^ <) $ °> ♦ 4l_2_-0 J-oI- 2 JlJ) 4 J 9 I lLUj^ 0 -^_C ^^L^_J1 ^J^j) J— < 3 — S-a 3 l^jl -3 

f 

oLuufljJI ^\S J_<j_ 2 j_mj dJ-LSg . Nanoparticles dugiLJ) oLijjJ-l J ^ q 

f f 

« L^J DAj-L_> oL>^Lc jjiq lo lg \ St_^jLJg < oLljU O L-jjl) Ljjj 1 4 <g 11 

oUpL) I ^ 7 i fll 4^-S-J ^LJ) j 5 J1 Jgil to <f 4 _sjj)jJ J_Lo 4 _sjj1j 4JJ J^oLsjJl ^^9 ilU-L-S^ 

4Uljl-S^ 0 ^ a Q 4-u-^-Ljg J ^ Q ^^9 L^J L< 3 -SJLjjj 1 j-SL <* )iJ 9 < -L^_^ ^ I £. l_9j_2JlLJ ^ II 

l_<3_^ . 4 xV \\ l^i 4_JL-£: j-0 JjJ L - U iJ jl j_5Lr (^-^1 c 7 — L-C. ^ 9 ^ 

c 

. ^l^J^l i yu a jj 9 LajJl oLiM-sJl^ ^Lj) j 5 J1 o1_9^Ll_>^) ^ I £ l-Qj-SjJ1 ^ ^M^Jl J o a I nu 

. RNA ol_Ljj_> J vn 9 ^ J_< 3 _ 2 JLjjjlj j) j *\ C 

oL^iXL Q 1 4^9 ^^jlJ) DjJ^-SU) d)M_cLij gL>u.lO J 9 ^^L^_J) O ^ Lj-SJ—UJ 1 ) 9 

f 

AJLj oLsjjIjJ l7 9 L^J L< 3 -SJL-UJ X J_ 9 ) 4 J 9 -LS-II ^^9 J q a I jjjliJ 4_2_L^LiJ) 

J I_< 3 _ 2 _Ljjj 1 J-Lo SlSJlJJ C4J> ^Lj^^JlJ) j^b-ol^-i) J vn 9 jg *\ j 4^9 .^^L^_J) j -0 DNA 

f 

J_Lo j-SL^ SSDNA ojj_bJU J_x_L> 6 JlI 4_o_$^Lo jg ‘Nl ) 9 J_cLLiJ 1 ^-L_cl_9 

. <4j.L_cLiJ) l -9gj In tL JI^Ij 4u^ RNA_U 4_<3_5^Lo j^-C L-9gj In t Q,\ 



_JQ £_jl_ 



_Lc 4 L_j^I_> 4_i_L 



v-A 4_> ^ 



>J! j 9 Slli ^M^Jl 1 \A ) ^( 9 ^) j -0 J-i^C lIJLl^ 

. 4 -L-L 9 4J A-jl_9 /10— 5 L \luJl I £ ' ^3 

f 

j_iAXI L7 _d> Polyacrylamide Agarose j^LS^I j-o JA j_SJ 9 

~ II Ll)l, \ I I i tl (j2a ^ ■ ’ j *\ trt Aj 'ig ‘C II ( J_cLij Lll L> I i o J Q 

. J ‘ ^ ~ II j>» •p ■ < Lzj-jgLii 
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Agarose j 5j IAX) fUa 

L qS 1- 4 9 1- 3 oLLLjjL Agarobioses .LLjjl j_o j j <■_< Galactan JJ > \ ^ j 3; l Of I 

. 12 J *S \\) II ^3 ^—^ 39-0 




j9j LAU ^UmAJI ^>41 : 12 JAA, 



09-^9 °b 



^ JL 



j — o 



_C ^LL^-La J *\ \\\ ) (jj) *N jg 



4 <3_5^Lo ^ l_j^ <ij j_j 9 Sj ^1 ^5-^3 3 4 da ^ < Cross links 4. 



J a 2 d v-C 



j^LaaijI 



. DjH A-SUI A-u-ljj-j-l o|,\ a 7 II ^1 DjH * ^ tl oLlAjaP) J-JAAJ 2 



j 9j L£XI oLa-kP 

j t ‘Clj 7 1 1 a ; r > I o^IaLo Sa ^aJI ^^L^_JI j j 9 *C~ t ^La-LL^JI 4-jl.La a 3 j^jl *0^1 4 , > ^ 1 

a V\ \\ 1 I 9-1 L^j |<1 >aJI j <r 4->3 ) ^ 4 *\ < \\) J *\ \U ) L_jljl_$jJ ^lAX! 4k< . AJJ 9 J! 

f 

j aU vu lj, 09 _£u Macroreticule ‘.-V 1 ! 9 ! AS-AJIg >A>jJI j^i - 5 

. Thermoreversible j 3 O j) ojljJ-l oU-jj ^r 0 J-*4- ^^-41 



<L^>o A_LC 



i*- 



JL 



9^ 



'-^ ■ ' 






— 32 4 jj !j— > aj I— >j , \ ) ^j3 ^ ^3 95 — 80 Djlj_>* 4_>-j 

t 

4-ol JJJ J4 C 9 4 IjI_ 2 JL 0 DjLo j 9 jl_^^l 9 . 4_aaaL> j 2 dI j-L.'X DjIjaU d)L>jJ j^Js (jl j ^ rt ) ‘ 45 

. djjJ* I g 7 ^ (J-oLsjJI j-SLr lIIJaJ 

f 

L7 — & jA 9 — Sj 4 — ^ I <3 C j) I — <; 9 A ) 3 JL 1—^ 4JjLiLo ^IaaJI^ l_j^aJI 

, \ V ) j <f 3 . 4 J 3 g \\\ ) 4 _Aq jI^JLI I j_SL <• lLU-LJ Aj 9 Lo_a_^ CLuJJJUlJ 9 AJ 9 Lj_i_9 4 t I <g C 

DA & j O J 3 . 4 >^bJI ^ 4-jl-SLi-I 4 A-C 3 I ^ jj ^ pL^ 3j| 

f 

j-OA^J ^A — II JI 3 JII — Q < I $ \ Q I JI 3 JII 4 7 \ * Pa ) jJ I-L j jl j_SLr j 3 jl_^^l jl-9 ol Q N^lgJll 

jig — 4 — >jj J J a ") ^1 ( 5 -^ 3 ^ (p l 5 j) 3 aJI £j 3 -il ^ L<3_^ ) ^iAjav 9 j,\ \ ^ II j_a^aI 9 ^I 

. j-jg Sj 4 i U r Pa ^ 3 jl j_SL^ 9 D^-Q^ 
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o^Lq. JLLjjjI 

4 ^L-j^-oU pi jl_< 3 _jl_SLI 1 5 4 ol jjjIj-lJI ^ hjil^ O^Lg-SJ-jjjl jgjL^^I 

c f ~ f 

ol Ljj_J-l J ^ Q o^Lg-sj—uj^l . 4_jj_^_>) pL_>^l JL^o LALM t * * ** 

. oLjjl-^I joooJ^I ^I^jJI -ij-ii 9 1 4jg-LSUI plj_>^ L^j Jl ojj^-SLJl o^LcLo i yx) 4J>LlJ1 



j 9j L£X) ^I^jI 

c 

4 j^JojJ) 4_» uiJ J Lo 0 L 2 *oJl j— O J,\ 7> LjjLi Dj_93_lII 9 4-^>t-Lu-ll j 9 jl_S^1 ^l^j) ^2 _Ll3- 

^LjLLl3^o ,w c < pLooJl 4 0 s^g oLl^-SLII j-o * jLojJI 4_\_ ^ijg 

4 >jj c Ht ,\ <3 (Gelling temp) 4tl Jl dJLi-l ^1 j^jL^XI JjLuj Jgi>- ‘^ > -j - 3 9 > 

(j 0 I ifcg-<_£.g ^_ll d I 0 I -vg . I ^ I 3 J-Ihl IbJI DNA pj >- £~Q WAg £Ld*-jJg . jl ^ \^i )X1 bj 

. oL< 2 _ SO-!) 

f 

b— I oli ^ & I 0 3 l -0 4 <LLl_U1 ^J 9 3^1 4 jlJLsJII oLij sjjlJ) Lj 9 

4 lJ )io> Joo 9 Low melt sieve agarose Lo 9 I (LM agarose) Low melting gel 

) Aj 4 v \\ h I t Resolution ^j_jL) J * ^ I ^ 4 _ 9 J j -0 4 _jlJI_C 4 _ 2 _jjj 9 ^ I J J I Q \x> 3 1 4 ->jJ 

200 <j-i j J_soJ ojj^-SUI o^LcUj aJfLJl g_Lzi ^ II Lq_^ ( docLs 1000 j-o J_s^l 

4 \ ,0 DNA ^ to ^ joMoo jjjI j <r 9 « Agarase ^jjL ^ ^ 1 1 J ^ w> j 9 *\ j 9 oocLs 800— 

50 ^Ig-^ ^1 d_> £g_ .JO^Jl 3 J . DNA ol Ljj_£: ^ 9 (^->^1 O ^ Lg-SJ—UJ MJ 

f f 

J o a I mj & Igj! ^>gJ 1 q *\ . a \ r I 0 20 ^Jl ^ I b 4_Jj 1_9 J ~i d i Q j>. ^ . tig h \ r I a 
olj ^ g II £.lg_j| l_jl I rig . MetaPhor agarose J> L qS \^> b^ 3. ^ Jl^ ^Jl 

DJjl — J P^jl^J JLg-SJi — lsjI ^1 4 — Llol 9 ^L_JjIj_> oL>j- 1 j L^_J L< 3 _ 2 _Ljjj I ^jJLj 4 \ lolgJI ol_>jJ 

^ 0-^9 ^bjl-41 i5 J ^ 4—i NAJL_>- ^LjJLc ^Lx-lig-Q JLg_ 2 JLjjj| ^4^C 9 

• jl ^ ^>» l 



L. 



jjjt ^ £. l— ujLljLj ^-LJI 9 j_jL_SjJLil ^ I £. IjLgJLcI J ^ tl 4 -jl-L? I_Q l_*l1jl3- Dj : 4_L^ -^-^9-^9 



J_jl_>jJlJI 4 I I <3 r ^ J_g_2JLjjjJll P^jl-iJI ^^J-C l!_U 4^ 9 I ^ I Q j_SLgJll g-Lzi ^ t[ 

f 

. O J A_>x-0 ol N^lg-Tg ^(9-3) 4 _JOJL 3 tJll oLSjOJjJI ^LjljlJ 9 . Lj ^ II 



74 




4 I <3 7 ~\ \\\ 

. L^J j *\ <3-11 DNA g^ lo Q ^ >t_> g_- 0 ^ C J *\ \\\ ) ^U_<3_2JLjl5JlJ11 l_ uJjjLljlJ 

. D^Ls 200 j—c J-J^JI J_ ^ ^ I J_<3_2 Jl mj ^jl sJl j^jLS'^l jl_Q 4-ol_C Aj j ^ Jg 

. ^U^Lj-S'^l j£^l & J_<3_2Jl idL) Jl C lLI Ji j /> j ? ^ I g-k Q J ^ Q j)j_j I />a ; r ^ 

^ ^^1 ^_J1 3 4_Sjl_jIjL-0 j-C ^1 \^\ Q ^ L-J^aLLJ) JAJ> 

j \ yj I ^j 9 SL)^ < |A \l 1 1 l 7 __L_ i) g_ sj^^O JA_^ ^A_JI 9 <T> j t ‘SjjJLi lLUaJ < 4 <2 N^A II D, \ ft) 

. DjJ^-SJl j-o I ^ i 1 C Jg \^A 4^1 g-Q^JLil ^Pa Q tl l^-<3_L2_-0 J-^-JGLjjjlI t 

C 4 L 4 jl_»_Jj^J |<3_x 3 ^ ft> 9 /3 /0.6 j-0 4JL<r j 9 jl_S^1 j-0 4-oLsJl j_jl_^1jJlI1 

£gjl IlJl j Sj j) j jl_$jJlI) j)j_ J ^ /0.7 j jl-^j—jlJ £4 J) J_ G4 iij 4_2_L3-iLJl <dLQj_2_-0 

f 

j i *\ lj-I—1 1 9 < L— )1 <2 i \ to 7 II j_-0 jj-i ^ JA_2. J mi /I ^L<3_2 Jl jjjI j ^JlII jlS) 9 < 4-tg-GLp 

y-S\jlM I — ol . I — $ 7 >0 J-oI_2_lII 4-jg V VA tl j-0 *\ J QjH t *\ tl g^pA tl J \^A o') 4 * tolgJl 

JL<3_2A jjj) a ; c J_x_>jJlI) ^ JL I 0 £.g i 0jH_2_s>A1 J! jJ^J! J. ^ a I xdL<3_5^Lo Sj ^LlJLsJI 

f f 

lIII >_& Sj (jl ^_>Xj . pLXI iT ll J Jjj-L. >~i Qg prl.iAg ^ ‘ ■ la j jj Sj d-JLc 

(PFE) Pulsed field gel electrophoresis JU-sjl-ujI Jj_o ^LwaU- ^L^- 

o 1 v^A Q Field inversion gel electrophoresis u ? t l 4 

^\-j| Li jJ^_J L<* >tJLO J_S1 jIiJ C -JL I ^ I J I vvi ^ SLj 4_jlJLc j_jl_^|jJlJ I 

. J VA <? t[ 



j 9 j jj. va.^- 

c 

ij o \^a >t-iJ 4 -oLc ±j>^3 ^ 9 L^j L ij \^a i ^ ^ahs.jtoiS'X) |j-o 4_^-Ll_>J11 

f 

9 I J—jlJvjJlII ^ l_j 9 -LJ 4_L<3_S_jl — jjjJII xdLoLsJI (J-SJ 9 * J 6 ^ ^9 ^3fc-jjjLlJI J-ijp- 

c 

oi. <±> ^1 jjjLS'XI . a l Microwave jlj- 9 ^ ^>-5M-o I : ; »< » j^S pl_c 9 J ?UI ^ 

j 9 jl ^Xl dJj-jJ ^Jl sj c>a I ^j^-c-iJI liIj_lj 9 JjlSaJI l-jJax-lJ lLL>^_>alII ?-o djjLJI J ‘l 9 "» Jl 

£<- JJJLjlJI I A J Lo 9 « 4_j|j^I 9 I O LLc-c Jj _9 Hydration pLLL Axil T 

Slj p \ Tg J ^ ni llg Jaj—ajJI jL^—PAjXL ^_c_luJLajj (jjIa pl_o JLq V i ntl ^1 ) ^LLLaIj 

. Og^CjJI 

^i. ».;t l, ) d_Lib 45 daJ j3t_5JJU dii-Li DA_>I 9 AjL jl_9j ^( 5 -$- 4J 9 ) 

Overheating U , ^ t l >»-t l ^lJL^ dj 9 A^ j_o jaJ-I UK ^ (j_lLU 100 
j— SJ 9 Bunsen burner jj^ ^L_pa_c 9 I d-oL^il ol^J Microwave jlj_sl JU v. pjI o-Ae 

. LoLr J $ \rO i _)g ^jl ^U a 1 II t jj-3r Ul •; tl_J jgjIAXI J $ \rO II d I I <] T g . dj-SljJ.) j_o 



^JiJ 



OAP^Iq Aa 2 j_ 9 j 
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J_^J) pLcg ^ * X lO ) p 9 C7^ J 7^— ^ jgjLS^I jLgJ 4 J <g C £ I £ ~\ ) ) 4^-S-J 

g4 C ^^1 <b jJg Sj ^1 ^Jg_J J_Jj_5JJlJ1 4_J^LjlJ ) j^ ^_Jj4JlJL L-jlI J^JLjg Jg^-iJ lIIjJlJ ♦ £g A ^ J 

JL< 3 _ 2 _i jjj) 4 LC I ol . J jl_>jJlJ) 4 2 il D j StO Tt i O PI Og niJ ^1 ^Jg-J ^Jb-lLg ( j^L>tJLO 

f f 

j_— O j_LS 1 Jg 4 \ I 4 <3 i Qj 30 ^Jlg ■>“ lLIjJLj jl I ^l-L-> \ Q J L^j^j^I dJ_Ls 1 ^ 

^_!) (j-j§ Sj 4_t_L<j_2_) ^Lo-jjjlLJ p- 8—4 0j)j_> d_>jAj ^LUI p^_JJ liJjJlj 9 ! ^jLsJ) ^ i 1 



Polyacrylamide gel jjjjlo f^La* 

f f 

J_< 3 _ 2 jljluj LjjLjjI 5 Djjg *\ 11 ^Glgj J ^ ^ ^ ^U_<3_sj— ui-ll ^Jgj) j-o LlJ 1 £gJL_!l (J-^ 
jjLlhJ J-Jjvg 4 * r I ; 1 1 luLjjjIj-lJI ^ LiU»^_Sg jgJLilj g I jl 2000— 5 oLljLjgg^Jl J a I 
l_jl cMJL I ^ \ 1 c j lo <i um ^.iJlg 4-ji-Q d jg_>gJLl L-jg a \ tl lg_lhj oLijLjggJl Isoforms 

C f 

u m<j I »< t ljj of I jlgJLIg Acrylamide 9 Bis-acrylamide ojUL) j—S^ 

f f 

gl (Jg-> ujl -0 J_S 1 jjjlj lIjljL^ plg_jjj l—)I vn rMJ 4 -oLlsj jg_S J 4 Ul _9 4 _Jg^l OjLJJg . ^^L^_JI jjg Sj 

. pLl_ 2 JLjjj^I <ijjL 5 l-oj Air 4 lJL< 3 - S - L j lu I L_jLJLf. ^j_Lj ^UU JjL* 

Maxam and 4 JL<3_2jljjjL oLJIgjLil J_Lo ^gg-L^Jl ^^L^_JI J ^ a i mj 



09-^ 

_^LM 



j^LJ) oi^_a> . L^LJI^ jlji) DNA a J ^ ^ \ Sanger 9 I Gilbert 

gJI ^ 4 J I gJg < DNA j -0 Dgj 7 II I t 4 \^L> J Q tl ^ 4 -JJJ 

Djhu2_5^0 DNA Q jg SJ I qa ; r (j^c Lo o^lj-C^I D-L^_J jggL^^I J o a I jjJLJ 



J_S^ aajlj Slab ^^1 ^_JI j_jg SjlJ « /15 « 111 < /10 < / 8 , / 6 j jl^Ijjlj ^^1 ^_JI J_<a_ 2 ji mj 

/15 ^1 /5 j O 1-^ J 4 >j4Jl1I j jl_S1jJlJI J_< 3 _ 2 Jl 5JJLJ 4 jl_S i) ^g 3^3g DjI—jjJg ( j^L>tJLO 

4 jL_9g /5j Stacking gel pUgJI j^gJ ^ 7 ; w >jg . (Gradient gel) 

^jjl_j j jl_SjjlLJ 4_jg_iJll ^L» NAJL-i—l I g . j_j^3gJ L-jg a \ II Comb lo \u II JL>jj 

f 

t L^J J_<3_2 JLjjjlj Dj^_2_j^JI jljg^Ls < 4 I Q j)jJL) Q-ug^-iJ) ^ I C. IjLqJLcI L^jLljL>I 

4 \ \ <g r j o I \ I r Jg j-l ^ 7 -^) oLog-Lsil ^-)Ljg L< 3 -^ « j-o ^LlJLc ^Ljg_Lo 

. ^U_<3_2j— ui-ll p^glg-iJL i i rMJL J_x_>gjLil 

/) a I UJL II £,>4^X1 

> J tg-SU I J— ^ ; I <J £ $-JI t ^ 1 4 Lulj|g_> gl 4 t r gl J_ j <j_2JLjjjlj 

f f 

jg Sj II |< 3 — uj 10 x 8 jI_ 2 _jL jg Sj ,^-^il Mini gels I ^ io ^- 2 - tl JLq VI \\J I I 0 j j 
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pi to L^j) J_cLij L^_2_-0 J-oI_2_Ij ^^jlJ) ^§A>t_>JJ 4 _<q_j^Lo 9 djjL^LLsl 

c 

L7 jJI hj4 ■ ^ tl d_j_cgX! Lot p^L^_I) jj-o jjlLLo 50 — 30 ^1 £bj>- « a >• ^>»lg ^ ^ 

^1 ^ 1 i^jls Northern blot 9 ) Southern blot plj-^>l J_Lo i^>L> .-. I ^ . ■ U:t J 

. ^%JI ^ jJlLLo 250 

e 

j>>j ? t <3_C J_S! jajlj Comb J^_j1jlI) ^ j j < 4u 4 _j^ Lil 4 II Cg^l ^ L— U- -UZ_)g 

j-aljU ^U^JI (, J \^> ’i jg j^ljJ LiijJLjg pLcgJI ^ lo ? jg ^jUpJI j-j^bgJ j_aljU j-jg_5j 

f 

Jol ujl-O^I 2_j . ^jUpJI J-LX. clLi-i^g J q * ~ m * ia) ^5-LJI DNA ^Jg-^ |<3_J>t_> ^ I £1 IjLqJLcI 

4_L<3_2LI mil ^jL^-jlIJ 4_<3_5 ^Lo j^_C D-Lj 3>g jJlJ g j_SLj Lo 10 t » ^ g I aalj L-jg a j 

J aaaj 4 5 Jig I ^ I J jl_< 3 _>jlII p^gb *iil 4 s_j jJlI^j-SLjLo 20 j-^bg ->1 Log O r 

— 1 I g \ tl Li I O ^jUpJI J-L_2_j jg_$J jl J vb <3 t Q j-jjj-l J-L.C Lol . jJlJ^j-SLjLo 5 ^1 4L<3A>t_> 

f 

O^Lol S_L oljl mil 2 _j l1Ij_JjI * ~ r V I j lb ; i \ <*)(\ J— O * ^LJjgJl LD L< 3 _a>j I gJ I J_A*bgJ 2 

♦ ( 13 J *\ \\) ) J *\ s\t tl ^ Abg_-0 jL^-ilg . Dj ii \\\ tl 




cHkh3-^-M : 13 J-SL^l 
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4J ifLq 7 ~\ utlg a*\J ^ \\ ju 4. a ; r ^LoLc d)Llb_>^Lo 

j 4 ^ 4 jl I o £. ^1 I 4JI ol <2_L_I^) L_J ^ ^jlJI 4-0L2JI oU^UI (j 24 _ 2 _J lLJLlJ^ 



J 



4^S_) 



Js-L^ 



j ji ^ \>> >> 7 1 1 p|_c 9 1 a LiUiJ^ ^3t_ uijlLJ ^l> 

. ( ^U ^JLn pUL ( ^U 

. LoU L-jl-1 va I JL I lIIjJlJ^ i j-3t-L-lJl ^jLLd J^Ljl-J 4L_5jJ^ 4 t \^A A_2L 4 -A-L 2 L-SJ • 






1^ jH Dj_ SJJL jljl-0 ^j__> ^ 1a 7 i LSJ ^j§) ^-£^)4 iJI j£^l ^21 l * I ^ J JU^I 



4^_7_) 



J-^i) J-^j4) ^ J-O- 2 ^- 



II P(_5jl-^ II— > LcLr J_C_2_I ( DNA (j-0 3L> ni o Cr^ 



C / 

j) j — SL ^3 LoL? ^ 1 a 7 o j) j_o 4^L21 5 ^3-Lo 5 -2 ( j-<3-2-I ( TBE JLq_ 2 _ljjj 1 

f 

. pLl DA 7 1 4_J>^lj2) ^ 

f 

< 4_il £ s^A j-*jL2) olj-0 D4^_C 4 t vAj Dj \^A jl_2_) j) j-SLr j9j L£X) • 
. 4_>LU Air J-^3-SJ-JJJLJg Djj 7 N^A oL_>5 1 C 4Ul-0 Dj^_»_^ oL <3 "N jA N,A ^ 

.J_x_>jJlJI d ) I <1 r ^ 1 jj \/A A- ^ J— <3— S-A — j-ul ^5-Lll 4 _ UlLj2J JLq_2_LjjjI L-jl-^ • 

n21 Jgj wi > K I) L;r lc ^9-^: (5-^-1) J_x.-<j_>t_jLl ) P(5 j)-^ J-o 4 lL^_L> 4 ^_s_j ^j^-oJlJ) l_qI \/a j • 

. Dj^iJ-) ^ j)j-^j— uj^lg ^j^_< 3 JlJ) ju 1a c i yx) j-SLr^ 4lJLc 4_qLlS2) J_s_2- Ficoll 5 ) 

4 jl_>jLU ^1 4-u.oU-l Lancs oljUl JLq_2JLjjj) j 44 ^_C J n,a C ) ^M^J) JLq_2JLjjj) Air • 

oljl — Uill JL<3 7 7 \\> ) J_ \/A Q ) lLU-LJ « L_9j_>tJL-0 J "N \\\ ) 4_Sj_>JJ ^Lj 2 ^j_C (J 9 -Sj I ^ Ii Q ^jLqJlJ) 



4_jl 



Ia 



cPk>-4^l Li 9j Jb 

4 _L< 3 _S_jl uJl) jl jljlJ)^ (4 ^-i) (Jj s) 4 jLjLi^^ii) lLU-L^^ J_x_>jJlJ) Dj)j_>^ J_jl_>jJlJ) D -^-0 J -4 \\m 

llLJ^J 1 r>j < *V)jg DNA ^Ia q ^J_jl_>-j-jlJ 1 1 a j_j Llj ^jl _SLr^ . > L >j ^ ^ I ^JL^I a t \ \ 

4_<3_jJ L5J ^ 1 a ^ J a->j -3 J WA Q ol Og-L-S-ll Q,\ tls J Lo ^ 1 C L-Qj-SjJ) 4 _j)-LjJ) ^ J \rA Q ) 

4 jjjL^JI) ) j t *Cj 7 1 1 4 9^j_2-0 ^ 1^ Q J — 4 4^_>)^ ^ I r 4 -jLLl _>^0 )j 4 Lj (UnCUt DNA) 

j_jl_SjJlJ) 4_99 j_ 2_-0 J^-C ^Ia Q t) i yu jibjJL 4 _qLlS 2) 4JjLi-0 ( A 26 O Js-LJ) J L< 3_2 _Ljjj L 

f 

. ( 5 j-^I oLq—uj)^ ^ 5 ) 9 ) A Hind III oLq—ujI^ JL^-sjljjj) J-Lo 4 _ 95 j_sJL) ^Ia q t) j-o (jj 9 -l) 9 ) 

j o 4 ^LJ) 4 _j !.aj Lj $ S2 ) JLi) 1 a A w 3g ^^L^_J) ^ ia ^ 4^s_) : ^ *1 ^ ^ SUI JL^I # 

4 lh_>^Lo J 1^4 q^I i 4 t ^ l ij <11 Dj4^ii) j^j-o llUj^ ( ^Lj_^_S 2 ) jLjlI) 

f 

^ Lc d s*aL> jl uLcXI j >^3 jl '- r J-$: (_ 7 -jJ ! 9 1 il t-> 0^1 \ 1 djjLsJ) oLcLijiJI jy-gJb 
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jLg_jjj C 4 >-^Lp , \ ; r g < J_jlJvjJlI 1 £ jg)j j-0 p UL 1 JLo_2JL_lsj) 

C f 

. jg_i4 olplj^j ^1 jL^I g) 4-jl.Lq-C j_0 4 ^LlJ) 



(^-=^ ‘ ‘ j 9 jl— J-^-O cr J_C ->-<J-L£-) : ^Ijj-^-S-J) A^J-I • 

. 4_L>jJL 1 g^ 2) tl 

jg SJ jl L-j^g Jg-Ls j -0 |< 3 _ 5Jj/ 44Jg_9 8 — 4 Jg-L_£: jg Sj 4 -oLc ^LLo-SJLjmi 1 ^Lu-lig tig 

jO-a g I jljlJI I ^_x _9 jg mj ^^4 I) j)g 11 4 t CgJ ^^J-C 4 ^_o_L 2 _jl _9 4 u>*_LjlJ j-L!) j Ll_]lJ ) Lol . 4 JuLj 

44 jLS' IjI I <pL_9 L-Qg-SjJl j)g_j LoaJl-C l-^_> 4 q Q jg "1 ^ 4^9 g_^J 1 ^J-x-Qg . L^-J 4-OgLiil 

. ^ gl DJg_>g _-0 gGlgjJl 

o<9 j^iilg oglg-jL) 4_j>gj g_9g ^1 jjgJ ^lJLsJI ^L-iJg-^Jl j) <i_9g_2_o (jggg-j^J) j_og 

f 

j^ LlJ tig Og^_2 J^J) L^_2_Jg_JJJU j-0 £g_4JjL hji A-SU1 g_L 4 .iL!) 4_Sj_> i yX) £g_JJJLJ 44_)L^ 

f 

L 7 _l_Cg . g_L^l oljL>t si I ^_J Og^ SLJ1 g-k ^ tl Q (Li jgLui.dL ^LLjg^il ^ I £ £jg4Lj 44 L_>t_mJ) 

gl J^ljL_>)g g4 g \\) J_jL_>gJ J jj^lg ^M^Jl g_x_$gjg 4 _aJI_C ^LjL-lig-jiil jg_5 J LoaJl-C ^4g_0_22_J) 

J L^jLi 4 * lolgJl ^L-lig-^Jl Lo) . ^ |^j-il ^g_s^4g L_jl_L 5 JL 4 v ,^-Lc j_5Jg LljL^gJI ^ 

. j-o ^-x-3r ^ t) ^gjlgj gL u i- i il ^1 ^jgj jl j_SLrg (Ljg^aj ^og_j ooJl) J_^>gjLl) cjL^g j_o 

^ I c ^ j^lgJl J 4 J 4 I) g & Ladder 4 ol o_uj)gJl ^ig r jg SL J)g_>^) g_x_o_> ^g 

^ I £. )jl oJLc) J A_>gJLll 4 JL I O £ l_ 9 I ijj |OJL_Jg J jL_>gjJJ ^g^LJ) djL_9g_J)g ♦ ^Lu-lig Q t) 4_o_5^Lo 

4 L C ^Li 0 J JL_>gJL_!l P jgb ^ ^ig ojJI g _^ 0 OJg >gJll ol_ 2 _» j^J) I $ < \j->JL5 ,^-jlJ) 4-9 1— ujl-1 ) 

f 

^ ^ t l j 9 _Sj jl ±ju o-o (j^-S.) Bromophenol blue JU-gj-uJ 

f 

4_0_jl_ 9 J 40— 30 j^U ^glgjj 4— L^t— iJJL-1 1 Lul_9g^l ^g_o_sJ) ^g i ^M^Jl ^1 C4_Lj^g A_9 

. d_^_La_ll ‘ djj ka H I ajuSsy 

».t l, OJgjJll Og 4^^_1 1 g L^__> ^ j-LJ 4_9l— UJL-11 ^gJJ La_ 9 4^-S-J 4dLiL_lJg tl L—\— UlJvg 

Y x X = 4 ub^UI a^g^JI 



4 jJLc 4 JLjJg-S JLo_2_I jjj) j_SLo_x 9 I— ) 1 p [lh i 

. -jl—J g > ^ 4-il-Lo-sJI plg-^>j J-A-0 oLL4LlJLjv^) 



^mjjJL J^-L^ Jii X 

|<3_5Jj/ ^L-lig-jii) j-o J-Q-SJ— UJL-ll ^-^Jl) Y 

j^4 2 _j 4_l_o_2_I mil 4-u.uJg tl ^g * * 7 tg 

l_jl_^- j_SUg J_jL_>gJLi) 4 ti I Q C ^^9 g-Jg— mJ-U 



^gj|_94Jl ^^9 jjj/ 44 Ig_9 2 J_o_2J mj 7 t II 9 gg-L^ j-0 gJ-S^L ^Lx-lig tl t t 1 j_SL^g 

f 

04_d^g |<3_5Jj/ 44_]g_9 5 J-Lo 4_9gg_2Jl) Jg4^4*JJ ^Lu-lig tl J-^g-J ^-l-Jj A4 Lj ^ ^g^l g— 4JL-sJl 

j r i s g i_>jji_II o ti ILL>] 4 i_c.j_II 4 IL> Lol . g '-^ qI r*j 
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O, \ Sdg ■*-!! ^g »-LJ ^ 1 1 lLJjJL) ^j) (j-^— C U, \ \ C g ^3 \\)/ CjL_fg_S 0.5— 0.2 JLo 7 * 



pj-il ^g vAg ^ jJ^j ^-L-iJg-^Jl j^t i >• Djgj II Air 



Controls f>j U . in tl cj^LoLs^o 

DA ^ j—Og ^— !) ^aI <jjJ) J_x_>jJ a ; r DjJ^_jl_jjjlJ 1 O^LoL_2_-0 (j2a_2 .j JI_<3_2JLjjj 1 j-0 



l-llj 4 \\1 



j_c aJfLJl *ijjL5LJj 4_\_>g_Pl ^JbjJl j_c c ^ *C tl J o a i jjA ^ 4_ 



-jjjJi La jl ujl 



l_j JLaJI DNA 1a c Lo p^jIgAJIg p^Alg-J) J_Lo J-cLliJ 1 oLjg *\ ^ J_S^ j-o jg *\ ^ig . og-LiJl 

f 

-La_jl L> ol jg *\ ,Q j o I &j^-Cg P^jIgA II jl j O A ^LlU J_<]_2JLjjjlj^ 4_»_>gJU Dj Pa t \\\ II • 

f 

Dj Pa tl ujlU ^aI <oJlJ CjL^j ujlJ) A 7 ) AgjJg ‘ ^0^1 -^Pl A * f g A^jl-> J *\ \u ) J_<j_2J J-cLi-lJl 

f 

. I 7 t 1 1 ^-jlJ) AA^sJl oL)g_5l-0 j-0 aJ^ L iU 4_»_>gJJ 

^ >*aP) 4 9gj_2_-o ^ Pa Q j— o Pa ti 1 >- g_&g LciddCP <dLJjgJ) ol_<3_sjj)g_J) g) ^jL-S-ll ^j-LaajJI • 

f 

>) ^Pa Q ^1 g) oLljLc g) oIa^jl-Oj^L j-0 4jg-$l-0 D-L& j9_Sj -L_9g < 4-jjL^Jl J_<3_2 JLjjjlj 

f 

^L>t_>L ^Pa ^ II 4-LaajlLjjj pi Pa rV A v V^\ h tl oL^jJ^L p ~^g ^IgAL-JIg 4_9gj_2-0 

J) c 

t Qjj Pa A LjLoI Jjl . V I I |< a I ui I I J. xj-SJLjjjLjg . I * r I ; Dj_Ji2a_>«^o jg Sj gl < ^uiJjL^o 

. c Qgj Pa tl L^Cg Djlj_il ol_>jAg djL^gJlg 4-L<3-SA_V-VL.l 1 xdLtL-lig Q II J-Lo 

f 

J_Lo Ia_JL>wO pLI o d— Sj-sJl J-c- 



7Ji \\i ) 



j_SLr olj la i w> • 

. Master mix 9 I Premix 



^g-J ^ jJ^l A j-jQ^j-1 a V I AA 



c^C- yAg-XD 4-S-u- 



Product visualization jL^JbJ 

JLc-SJ ujLj ^uilg i !1 jl ^ IbJ f3-L_j a 1 1 r pL^Ju) a v i 

f f 

> \^A ^ I 9 1 Ethidium bromide 

: 
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Tj-lj ^gljJLj ^lg ^L^ 2 _Ljl_>c ^0 A_jL_4)gjH_J I <3 7 ~\ \\\ ) DjJg *\ II L— )^Lcl Q ) l_ ) l Q \ \ In ) j ~\ *\ 1 ^^g 

. J jl_>jJlJ) d II 1 Q C j o 7 tl ^ 1 r -S gJ-S-J ^lJ L< 3 -S-Ljjj 1 g . jJ-LLo/ ^lj_Cgj_5L}Lo 0 . 5 — 0.1 

f 

L_)g »_> J_5! mj L^_JL< 3 _ 2 Jl lsjL 3 j <f clJJ-iJ bj b In ,Qg 4-ol lsj OjLo -IjL-Ogj^Jlg 

^ jp: Stock solution ^j_>- Jgl^o J -SLjlIij j \>> ^g « ( Jg_>t_niJll j_-0 Xaj Tablets 

j_La_> djL d_q I I V ~i \ ? i 



A/) a i t-> . 'ij 11 A A-O^riJI ^_La_2j \\). fl.i.i. II Jjq 3 f O—LaJ t^>lljl^l>>l ^JLj 

0 j 5 _iaaJI ^ Lo.S' LJLajjj LlJIj ( DNA a ■ ^ 4 . j* • ^ II j^a- 3 -X) a_k£>L> ) DNA a-c Iq a > 

. (I \ 14 J£^l) dJLJI 
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DNA pj_> 1^-si^J 4-Q Lull : l_j \14 J-SLjjj 



d 3 . 2 > tl ^ " tl 4 _qLajl_U 



oLjL_>tJL-0 ^ I r 4 JjL Q-uCq 



JLo-SJi jjjL 5I ^Cj I C5JJI ^1 aJlIL 0 tl J_L^ (|<3 — uj) 

. oLi^JlII 0-L.& -L_>) (l5) J *\ \\i tl ^ vog-jg . SGITli log |^j_j ujj J I_<3_2JLjjj L 1 
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>Jlj ^J! oLiLjjJUg DNA oULjj-J- j IjgX j-lx SJlJI ^ i ^ i /) : 15 J ^ jjj 



. ^LJj^J) O l_<3_5JJ 1 1 J-0 ^JjUiL gl 

d Jig Dj ujL-O L_j_j^J) 4 A <g C J_»_9 Jj A. l-qI j) j-SLr 

f 

j)j_j Lo,\ j Cg 4 -oLjlJJlJI Dj_^:) 4^cl 1 ^1 ^Jg-J j-^Luill ^1 -IjL-OgjJl 4_9l_s*bj 

(5 J 9-^ -^-^9^4) jX -i_2_> ^ ^ l<q_Lu-S *jjg-LSU| ^ £GlgjJl JL<3_2 JLjjj1 

. DNA oU_jj_> 

< 4 <2_i_9J 15—10 D-iJl Jg_L>^0 ^ fU^JI g-^-lj J_jlJvjJlI) -L_2_j i 7 J) U^ 9 

4— L£>L) — i) LljjL^ 1 ilg < 0.5X jjl_Sj_Lj 1j ^ gJLlj 47; tl j-0 j2^jLlJ 1 Jlj_) ^ 

^LJij^JI ldLc—ujI^JI ,j^o .^LlIIj <ijjLiJ.I \ v i jj SLj ~ II J^_L>t^o ^J! ^ tl jI v > q 

. (Ladder) d a g>)jJLI 

^L^XII Jjl^jjJI JLj. JZJLjjj) Cj) J 4 u->w 0 

5 ) [$q\ — nil) j2^ — 2_) dll ( cis ^LjJI ujLil c7 — Lc. j-SJ^ LjIj^o ,^-oM^JI J_^>-j_lIJ 

: L^-jL^Qg 4 -u-^Lv.vlJ 1 

^j-l 3 » uij ^1 jjg-) d_jLi o^j-s-i fM4.II 43 ^Lc jLj j9j -4 ±lc. • 

jj i ? i II (j-0 J. I dill (j 23 j_sJ dJjl-iJI JjJL^I fq_L? • f M4JI jl(3 vVt I Lcjj J-^-jJiJI 
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oi_d >9 jLlIJ) i^jLl j J-k^aJ- jl j-A L7 -lJl L7 -L ! ^>$j ±+g I I (O-fljJ) <_y3 

4 — LC j *N Tg « L 7 JLjL->gj,\ \ tl |< 3 _SjJl L-C. -AqA-S- 5 4_}ggAJl j^A-olg^M oL_>t_L )-A> 4 <j ^ Q 

4-S— Ulil l^jAAuij jl j_S Lr 4_Lg_L4 O-Ll J_jl_>jJlJ1 J I_<3 _2 _Ljjj I 

f 

L_jljl_$ jJlJ L J-LsAj L_)L_JJJ^ 1 j In ) fU^Jl ^^9 ( J_jjjI_LjLo J *\ \\) ) LfJj_>tjLj ^ ^ljIj^JI Jgil • 

c 

♦ l_)L_jjj ^1 j-o L*^_c g) L^jgJ^ g) L^J 

c 

. Jj <3 1L (JAjlJ L_9g A_>Lj J_jl_>jJlJ1 4)1 <3 r • 

/ c X c 

oL 4 aLl_U1 ^GI^JlJI 9 lLJJa I ( jljg^l ) ^1 >t_>^l i yj— 3 j jl_x_4JlJ1 ^^-La A_<pL2 J AAjj L tl • 

P9^J-I 

. I £ X JL J j * * o ~ 1 1 j ^ ^ ajgLui-I.il 

♦ ^9-<r j-o iaLLJv j) j_SL r J_J_>JLl)g J vn a tl • 

. 4 ^ Llg jg_Sj J_x_>jjlI 1 ajL_jjjl_ui_> • 
. 4 I <3 4l_u_uj gl 4 t CgJ OjLa jg_5 J ^JLjJI • 

£ 

. (5j->I oLjjIjJ ^ L^J Lo-S-Ljjj 1 jiPjJzJ olpl^tfl 7 ) ^1 aJg-U^uill j)gJU ^Lj>* • 

oL_Lq_ 2 _f i ^ jjg_j ^iJlg DNA ^1 ^ 5 -^g-j a^-uijLLJ 1 (Jg-s a-s—LMi DNA 
uv ju jz_i uj) lj i_5- |<^_i j o^l i) d.lj3> J_Lo ^g ajg±SJl J_s)gj ^1 -L_jjJl J-Lo aa_>^U) 

f 

J Lo Blue light excitation source jj^XI ? 9 uaJ) j J I jaao JU^ „) 9 



9 

^1 Jg >t_d) 4 LCg < JjI UJgJ) j_- o Lbj^-C g 1 , 3 ^X 1 j^JJ) ^1 j) Xcita Blue screen 

f 

Gel green A) Ls_) U g I SYBR green Cj|jL)-k4 J Lj-sjljjj 1 ^Jl a^LpLl ^Li J 9 -LJ 1 

f f f f 

^-J>t_UJLjijLjJ 1 Pg ij^Jl j-o LjLo) J_L^1 Pg tl U-Uig j4 7 II Jg-^_>^1 ^1 L ) IjJ 

^ qI a ajjJI llL—uj MJ 1 g) ^L>jJI ^jL2_u 4 aJg_^_uij j_4*g jg-jL-sJl ajL<3_> ^1 ^La ^ ^^.ijvg 

c 

. L^>i. gl ImageJ J-Lo gg tl J-J-S- l 5 ^ L^-ljjj!jj J ^ ui j ^ j- 09 « 

4 JL I o £. J 2_$- \ Q A L J SLj 4 J^LU O I_2-Jj_ujljLI 1_9 Dj_La_> DjI O AjL-OggJl jg ^ I lj L j • 

f 

^gg_9 4 7 \\i^l JI_4_2 JLjjjL ^1 ^ OjL^_lbj j) l_<3_^ . 4^1^^ 4 _Aq I S*tjJl 



^j _>1 luLslsjIjJ ^uI^JlJI i ^ 1 

dNTPs g p^^l LI j o J ^ jLs 4 _iJLLog a_Lg \ ^ L_ 9 gg L > Dgjg "n tl 4 < 1 4 r cajL^ LI 

ot_J_< 3 _c J--o J-j^ 1, \ 7jg L7 — j) j_5L r 1 ^ i >0 J_x_LaJl (J-SL 9 * o,\ a ^g ca-SJ-^jl uj! -AS jg-S J 
°L^oA L7 _l_c J§_ 4-1 ^jgj uaJ! j — o jg SL LiUA^g « J Ilg Qj jg tl A-g-j Lo oLjjlgjg 

a - JL ^ >9 < cr 1 A 4_> Up)g J 9“^9 4Jg_LSLI ^ JL 1 o A ^^9 

. Djj^-SU) (J-cLij cuLcj (j-o a_cj_> j_o j-A) 
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2_) lJi JbJoJt ol jJ <3 Cg . OL. j<3 \ Sn \ J1 ^Ej>- ^ ^lJLiII ^ a Q 

c 

4_-o)_jU q > J 4 ->joJI ^ulg-i J-jl_>jJ ^)-Ijl-Q 4_>LU ,\ ; c 9 < ^^L^_J1 ^^-Lc ^ tl 

9 1 Gel extraction ^ ^ U a t l ^LojJ.) jo> DNA joAU ,; ^ 9 ^ ^ 1 U 1 1 

(l <i_>^ Lbj_^j ^Ljjj ^^jlJ) ) J a tl d,\ <3 c lg J L<3_2 _ljjj L 9) Electro Elution 

i- <1 tl j ^ ^ j *>>1 4J LiJk-Q^Jl ^ * La 1 9 j I ^ aoj 1 a_>jj oIj ^ I £. ^gLJI J_x_>jj 

f 

ol ti <3 *N J90-9 (j-o oJ^Ld) j-o >, <3 » i dl 0S-J9 . |<o>r 7 tl £u) 9J (, <? i In i d 4 _joL> j,\ r 

f 

JLo-sji jjjI 9I Nano drop J Lo £>j ^_>) ^ oLoJU J_5 1 LSJ9JI JLo-sji luL a joL^ 

9 ) Nanophotometer (UV spectra photometer) a , > uOI a v n>XI uflL-La 

. JjLjjjjJI (j_c 
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J a f) 


OjJa-SUl cjMcUj oXLq 7 ~\ J-^Lujl-H 




c 

d^jj-SUI J_cLij alLol ol > 1 g r . \ t \ \>jj 




JTLUi £l*i] 




* 

No J-cLijJI N.V.t gilgi jg-^-La .fit : 

bands 




Low J 1 1 a J_k^L- l7 _Lc ~LI : Lib 

yield 




L^jLi ja-L pj_> : LlJLj 




^j_>JJ ^LLo J4-C lb : LsLjIj 




DJA-2JL0 j^-^Jb : 1 — UJUqL> 




(PD) luLs-jj^O j _'Q < ^~ l : LujjLuj 

Primer dimers 




Faint bands dj-a>L : I?,! m 




^J_>l J-^l \\\ g : LjLoLj 




DjJ^SUI AJSLj Lo J-^LujuQ 


DjiaJOf J-cUj CJ^Lg 7 ml 




J_cLij JLg 7 7 ml LL>)jA->t4 


Qj Jq ^ 11 cj^LcLij q-jq <5 x^Li-l 




Real-Time PCR iiiXI ojjj-SJI 




Digital PCR ^q-^jJl Sjj^SUI J_cLij 



sp^JI oMcUj 7 w)lg J^LUl 

. j -0 ^J-^S-Li L^_j) ^ O ^ I £. ^ 4_j^_jL_i-) pL^JI jl j-o f^-CjJL) 

jl ^) 4 jlJLjLO L^^j_lb J Lo_ 2 JLjjj 1 5 jI ^-0 D $ Uj j -0 4 i ‘N <j_L 1 oU^LjL>^ 1 J_^ -L_>) j -0 

f 

I <Q_^ D4^C LIoL^) J^LUll ±J>tJ3y < JiT Lilli j 2 ^_ 2 _J ^L^-aJlJ J_UL-&J j) j_5L* DjJ^-SU) J_cLlJ 

16 J *\ \\i tl ^ 



J^Lii* 



J 




^jI^j 

A i/l i/l ■ /i j i C 

V- ^ 




^9 gjl^j 
dJL^jJI A^k). ..ill 

V ' -' 



^JLpJI DC Lj 

41 l*S dj _9 jjl 



.-■■ . c ■■-, 

^9 Uo> 






,-■ -. 
O^^clnJ 091? 


C^UI 






ii>siJI 6jlj> i>jij 



^Ijjp 

di 1 1 ■ /i j ■ c 



Ai 1 1 i fl i O 



&Asi slo 



^ lkL> 

c^UI 



J^LiJ l99j]o 

J. ■ 1 1 ■ j ■ c 



olj 9 J 

di 1 1 i rt C 



.-■■■ _ : \ 
o 






Lki> 

C^jLJI 



— ! C'.^Ij 

RNA DNA 



cijj^-SU) o^LcLij J 5 LULI : 16 J 
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J-QgO J-L -0 <30i_jl_>00 j^_C ^L>t_>Lj jl gl < |<3-x-3r v>n ^-)lgJ jg g to ^OC g_<3> J-^L U ll jg-)lg 

> jg >5 5 1 oa cLi 500 Jg Lp 4 7 Pa q 4 lc ^a 1 oapLq 1800 Jgdp j-L^ jl 

. L*^_cg ^uLuJl ^L>t_jjjLj) ^ap 5 ) < ^ * qI \>\\ 

jl j o a 5TLlU ^d) ^^-Lc DNA |^j-> J 9-^9 j^o a^Ll!) o)p)j->^l J_^ J-og ^-j)-^-s 

f 

j-Ljl_ 2JL) £A^d) g_& fLsJ) 1 Qj ^ 1 1 1 jLi J^Liiil Jj j AQ2_)g . ^Q->tPA J jOJJLJ ^ JL I O 7 tl 



. <ulJLL 1 g) p^jLJ) -L^Ljj) ^ jjgj j) j-SLr ^-jlJI pgLj-odlg ajgLj ^ *n 11 o)j_ogd) 



► 

OjJg_SJl J_cLoj 4-L-LoI oI I I <3 r 

c 

J_>Ia 3 dLo* jg *N j LoaJlO j_L_S 1 APJZJLjg D,\ >^0 4_jl.L< 3_C jg_$J J^olg-sJ) J-S^ jhl-u-sJ 4_jJ>* jl 

4 IgAe> I ^ 4-^9 (1980) Taguchi a oj_La JL^-sjljjjI j^qo dJ-d « ojjgd) J-dg 7 tl j-u 

olj—Ogd) j-0 JAP jHL-u-SJ ^q_Lj I ^ jl! C IpLog oldg ,0 ^ I 7 vAgg L&jLa_>) jIjJLI O ljj-SJL-11 

f t f 

ol J_<3_sJI a 9J ^ Dj-t A ^ O Lj L^J jg ‘N J ,^-^JI o)j_JJJgd) ^^J-C A JL *N LjlJ 1 JpA-S^lg < 4-Jg-JJJ 

. ^JLsJL) dgj-Ld) pAoed L^plj_>j L_jk_>lgJ) ojL>ed) j^o J^-LaJJ cillig 



* 

. 4_L_S_jjjl^ 0 j-0 J-L^l Jg-^_lb ^JgJg 4 _SjJLjIi- 0 jg Sj ^^jd) pLLp>^l 7 ) dlob 

c 

oLj^X) usL pp llJJaJ < ol 3g_SJU o_>l 4_sLjoj jL-uii J_Lo a^jotolJ Jpctfl LLoi) • 

. l_jlJj-0 JgO_> (J -^9 Uovl jL-UJU ^ \ r oS'LlU l-jl-Q LsjlJ L 

f 

jJJLOj Jojl L> jOO^ 4_LS^ UlJll QA ^ j^O joJotJLLJg ^ qI \>> t I oLjg_SJll ^gOt_> ^ Lloil • 

ja c j— o jgj — j j^l§ SHI ^j-jj 1-^- L-o Jo Lodi oLg_Sl-o ^-Lc (^ 59 -$: ^-dlg Mater mix 

. ^ 4 Ajlj-> 4_>jOJ ^LjI DOsJ idL)j_> DjOA^ AJL) j_Sdg « J-C Lodi 

f f 

J-S'l ni o ^1 jl j ‘sr oi_ii >9 Thermal cycler jJl_ SLo pLI oljj ?illg gl h. s>XI • 

j _0 j^c i^i3 

f 

^UO) Dj)j_> 4-LLqI PC.L tod odjLPO Dj)j_> 



jL>j- 



J <3 S— Id 4_<3_<3_odJ Dj_^_>^l jillJ ^Lj 4 >> j-0^ ♦ j_^LLa_ 



_£j 4 ILd) D4 & ^ 4 }) gJg DjJg_SH) oI_La_»_Lo ,^-Lc L_dLo!l DNA ^-^Id ^gjd- P9 • 

f f 

. jg_>^l oLoodL ajjLoo Lpo Loo 1 Djjg_SH) JoLo 

f f 

ljlsJL) jg_ j) j — a-SJ) g_d> Djjg_SH) JoLo ^ 1 - 4 " ^Jl ^O-Jl uLl-lu^I j«q-£>! • 



4 ) 4 ^g_x_ 

^Jl ^Jgo I £ ol 3g_j^l jillJ l_jl_> 0 JJLJ dNTPS DjLj_ 9 < JoLodl oLg 4 J -0 J->l 

a ; r jg_j^l 4 a_< 3 _^ J O ell 1 a *Ag « ^j-^9 SH) >j 4_dLs_9 jJgJ j^dl Sj-aM oLgj^l 4_l_9 

oo >)gJ) 4 Lj-J) j) j) « EDTA J Lo 4 j^LLI jlgJll l7 -Lc 4_jgLi) p jglg-dl J U-sou 1 

jLjLC^l j_LaJlj L_9gj_Ldl 0A4 P>gJ LliiiJ P>)g j^l 
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>^0 JLq-SJi jjj) L^J qlg < 4 0 L 2 JI DjJ^ 11 L-Qgj Ia tl j -0 ^—LuJvgj, \ \ g tl j<3 _9 jJ) • 

. 9 — 8.3 ( ^ijL->gj,\ ii & 

£\j| Ij ^1 LlU 4_j*bj_C^ )»^j> 4_sjjLsjjl_> DjJ^-SU) 4-aJ-^J j) < 9 ^j_22_JL ) 3 < Og-LlJl • 

J — sl^jJl j — 0 gl jl — uii^l j — 0 l_94 — ^_J1 jl — ^ )j) I — <3_jl_9 05 — LlJ) jIj^jj . 4_}jL^ 4 _l_>9_-0 

. oIjmJLJJ.) ^ ^—L-LJgj J *\ \U J xdU_<3_SJ— UJL-11 

: 4_JLjU 0-^_& ^LojMJl O LL^ LuL>yi (j-0§ 

4 Q Ia \ 4) Jj_C j_C M vA Q . 4^)^ 4 -u.qL^ Dj-L-S— ^ O Lo_SL> Jgl) JLo-sjljjjI* 

f 

l^JjL^JlI) i yu jLSUJ 1 Q t Ia t Jg < l_Qj_ 2_J) j_C J_<3_2_I) 

. 4_>)j^l 4_l_>9_-0 Qjj 7 n^a ol vaLq J I_<3_2JLjjj 1 • 

f 

1 C 4_}^L> J j) J va Dj -0 J-^ 0-1j 4^_> Tips I— )l vaLq luLjL^J JL<3_2_Ljjj1 • 

. ^—SJJj -0 

♦ ^- J L-9-)g *\ j ^j) L— 1 1 * 

jIj^qJLjjjL L^-SJ^ Lljk-S^J) Jlg-L^ ^LiU) ^ Iaj * \>> ^ 1 a *\ 



V V V 

< L^-JL< 3 _ 2 Jl — jjj) jl — sJJ L_J — J — ^-0 j -0 4_j2jLsjj oLi< 3 _C j -0 Og-Ldl ^yL j) j-SLr^ 

. i t 0 t ig 4_-ol_2_Il Jj-L^J) Oj-^_>)g JJLil < ) j L^_> 

f £ 

4_jl_qI olj^j ^1 4 >LM 4 lc ^1 ^gjLJ ^ 34 -^ £)j_>j ^ 4 -^ ^ 9 -Ls-J) Ij -^ 1^349 

. Q A h. x 2. I I j p)j_>) Air A 2) J \\i t l Jgil t j DjLcj^ 

f f 

La. \ i r g ciig 1 7 Jl J ^ j) (j ‘n r o^Lc.1 cj|p)j_>-^l jLi-l \ i rg v . ^Sg 

: d_oLc olplj^j jLil j-SLa 

j 0 jJg O 0.07 Jg_L>_^ g- u i- l lg . i i lojjJI j L<j_ S _ i _ 'uu L. t _J_< 3 _ 2 _I I jl *S £s £g_La_mJI * 

jg SI; I.L_a>g . (/ 10 j .‘Sjju Clorox bleach J 9 -Uwo jl ) Sodium hypochlorite 

. JLS'^l Liljjg 1 A-^-Jl j 2 ^-oL> JL<3_2_Ljjj 1 j -0 J ^1 

f 

J_sl LiU-l DNAjl j-0 jLSTl ^ 3 _jl_^_ 2 JlI ^jjLj>t— jjuIJL J 1 (Jg-S 4-S_\Tu^l J Lq_ 2 JLjjj 1 j-SLr^ 

f 

. 4 < lojJl ^jLqJlJL ^ijjLi -0 ^o>t— ujl^LL J 1 (J^-S 4 7 nn^Lj jhl^Q^JlU 4_) L>iJLjjj 1 

f 

cjl Ii) Autoclave a a 1 1 < d ^_2 j^J) oL^IJll^ l-l-oIj^I oL^U-) ^-a-^-sj • 

. l!_Uj J_< 3 _>ujlJ 
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« jJLOgjIj 300 g 254 Jg_L4_} i\jljL.L J 1 J)g_9 4_2 _sjj^L JdL^lg i a jjj)g-SLl) |<J-jl-^_sJ • 

f f 

j *\ rg < 4 j^LU pj ^ ^ 4 30— 20 d-lJL 4-qLL- Cu J_cLiJ 4 » rgl ^ I ^ ? iog 4^_2 _j 

? f 

Dpi — <2_^ J — s) jg_52 jLlDv^I (J^D_2_j ^ 4 ; *\ Ig 04^gJ jJLOg->Lj 300 ^^-J^gJU Jg-LsJl J L-Q-SJL-iu I 

J cLajJI -Ld_x L> ^ ^U_<3_s_la.u_ 1 I j-A-^ljjLiL dNTPs ^l_Lo_9 * L^-j jjLlj ^ c^jL^ lil j_5d ).L&g 

04^» ^ JTi^l JJLil J- ^o a ig . jjLljg lU-jLLuJ I Jjg-9 4 2. aajXI ~ /• 



9 

_i_»JI ^9-9 <d_2_!JjXI oG>- I ^ Qj ^ ~< ^ l^_LlS- 

i: 09 — Sj a_JLc j_u51jj ^Lc a^U-l JjJL^U ^ 9 _o_ 2 J) l 7 _Lc 9 Thymine dimers qkLlI) 

f 

. 4 7 \u^U 4-JJJ 

f 

J)g 9 4_2 4 jjj Lsjjl_> C jg $JL 9 10X J Lo Dj Sg-O jg $J Lo4^JL_Cg Pjjlg4^_Il I ol 

(4 > ujl_> jg SLi-Q TcLCJ I ol • jO^-jl njuLsJJ 4 jg I *N J_dL >^0 lLUd^^ uljLL J I 

f 

4 JL I o £. ^^9 jJg 3 ol JgJJU 4 jl S j_^ 4JL jJ A j^l j— Og ♦ 4 -i 4 >t— l.\jljLLuJ I Jjg_9 4 3 . aaj^ I 

f 

: J_Lo og-Ldl 4_Jlj^ jg_>) ) 1—jL-J 1 *\ oj dLi^g . og-Ldl <dL_I)jjg \ a s . iJI 

. Lo-5l-) j-9g4-0 j^-C y- Tciy LoLS' 4_2 _jjj) JI_o_ 2 JLjjjI • 

^jjjg 4 ji_>jLilg 4 jJ_>l-dl 4 2 _LdLl!I ol ^ ^ ^ 



J ^ l5j- 



'I 4 > 5 ^L fQ. 

ji± olji >9 AmpErase O uracil , N-Glycosylase (UNG) , DNA Glycosylase (UDG) 

c 

< Og bJI J Ld_> j o 4 jjJ g) Aj 4 ^_> OgJj l^ 7 Q L_jJ_S- A _9 4 _sLj 2 Dj J-a-<? l-^->^ Ig In ) 4 _)g-ilg _0 

. 4_oJ ^Lo j^-c 4 bg I Pa II DNA L-dlg-Q J-2-^ A_s L^LLij jl j_c ^1 ^ 

f 

J _»_9 UjgJ p|j^ J-S-jjjg J-cLidl lo A >- J -0 (jl j-SLr (^dl 4 ^gLo ^11 jlgJll JLo- 2 JLjjjI • 

. |<3-jl3t VO "\ 11 4_jl -U-C P-LJ 

f f 

d ’j-E j <o j t *sl oj (j—SLoj . cj^—LlII a_ Iljj o-^.l luJ j) j SLr (JijTo cJL-iij 

. pljVl 

: qJ-oLsJ) (J-^Ludll (j -09 



No bands J_cLajJl J 9 _g K :^ 9 1 

f 

4 ILM A_2Jg DJA-2JL0 l_)L_jjjI |,\ ^ tg 4-L-L-Q CjI i <j *\ ) jg_SllJ gl jg 1 ^ ^iiLil D-Lj1> ^ 

f 

1 4 >g_J 4 I *\ SlLlJL) Jg >g j-o 4^LdJg Lldij « DjgJ 30 4^-S-J gg ^ lo ^44^C , \ \ C 4 I 5^ \\\ Q 

J, \ r DjI Jjg 4 ILId^I j o ^4 J 4 J 4 ^J> lo > L> |< 34 >t- 9 J-cLLiil lo J >- j-o j-jlJ g j_S 2 Lo 

4_LS^ Ml Dg >g j-0 MLJI 4^-S-Jg . l4^_> 4_LLDlg c Qa ^ tl jMljJ jg Sj I qa ; r 4 \^aL> oljgoJI 

J cLLdl Jl slid l-jlj ujlJI g_& ^jj^l jg S2 ^ 4^9 j_SUg jgLjjj a * I ^ i ^ A^l-^ 
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9 I ^ jaaj Dpljj i ( J_I_ 2 JLj j <j c 1 J_^Iajjl-o lIJLl^ jg_$J jL^X) j,o 7 ) j^£ lLUj^ 

f f 

♦ jL 7 C^l j In 1 j laLaa^I -L_>gJ lLU-LJ ^jIjaU jAgAJLl) oljAAgA} 

C f 

oLsI ujbg jg a > J_<p2_j J_cLiiJI l— )L jg_SLo J_^ 4_sLj*bj jAD A^LJ) ajl^ ajIaj L7 ig 

Lo oLg_5JU J_S^ ^ I £. jgLM Master mix (JaajJ) Lajl-L^I JL<p2Aaa 1 J \>> Q^lg 4 JalaLuaJ L 

:l_JUJL 4a*aIaU J^LSill 4 aLI_ 2_-0 j -09 L-JIgAlJlg P^jlg-Jl 111 

f 

J — 0 _C |^J-L_J A — ^LlUg l_9A — ^J1 DNA Jg — >g ^OA — C ^1 — siu jl j ^ { £ulg_J Jg_>g p-PC —I 

<LaL> oLui-xo JU ?•? su L Southern blot 



jgjl — ^^1 — & L7 — Lc J_ja>-jjlII J L<3-s_lao L llUj jad a^LJI ajJLl!) ^LoMaa opbj _ II 

f 

TE p jg I j ^ aJ L l-L s J ^jilJI gl q tl jg_9 j-o j-SLr Lo J-sL ja>^L*Aaa 1 jg-Lj JLp sjaa L 

. 4_)ggJ_t! jAAolg-Ll i* It *\ Q ") olAjjj jA3 ^jLLl P LJL) ^ gl 8 ^ALJL_>gjAjAi> j<3_9jA 

c 

^ I £. l_Agl_> jg 5 a gl GC j— O 4 -jlJLc L—t — ujlj ^ I £. oplgJL_>l ajJIalJI opljj 4u>g) j-Og 

gl Formamide /5 gl Jgj nn I *n /15— 10 4-9 1 voL ^ajjJLI 4 1 1 q c jj^aIij L^ajls-q < 4_jgjb 

jl ALC^l j L ) ) A_>^l J_-0 Oj)j_> jaAjlaL!^ jA3 AaX L^_J Lo_2Aaa I ,\ \ C g < DMSO /10 

f 

( » >-g I. \ t j t 5gjJl I C IjUp_cI /50 j--0 jJl_ 51 ^Jl ^j_J^I 4 _jl_H_2_9 LajA CjLsIaaaJLI DAO jl 



ilLLpJ GC J 4 jljl_C gl 4 _Jgjb la_a_ 51 jJ ^ 1 £ ^g A _9 ^ 7 -^dl RNAL-JIg-Q J _-0 JU*I I A_S"g 

RevertAid™ H gl AMr J-Lo ojlj_Lb ^Lc ogA gi ^ al-SLc ^lulo I ^ ^ ^ Jaq-sjlajlj 

l_jl Ilg^JI 4 JL> ^g . I <5>J^-Cg 4 jJLc Ojlj > oL>j4 J J 0 _ 2 J 4_jAJJgj^_9 olAjjj ,^-^g II1111US 

f 

Ojlj > J Li 3 g Long PCR 4 I ^ v o Ja^-sjaalj oa^.Lq g L ^ 3 jA^g^-S^^I ^1 4 _bg tl 

4aLl_9j 1 AjjLsJI lA^LU ^^9 jg Sa ^5-GI AJLk£l L A_9g Ojbj J-0 ^ 68 ^1 (aJLL^^l) J_cIa2_lJI 

. 0A^.I_9 g_L^ / 

-Lajl L> J Lo-SJ— UJ I gl 4 Ja 3-SA—UJL-II 4 n <j ^ OjIa j j _Sbr L^,\ < Cg ajJIaLJ) DNA 4aIa2_^ ^AC • 



OJ 



UiH ^ 



JAA I 



cr 



A3a 



A RNA U1 . 



4ajjIalU. 



ojJ^A oLrj-ij JUj_ 2 _i_sjj| 9 ) J^>U- 



-HJ 



^9 



L7 - 



jjj-Sj 



J_»_9 DNase I ojLo j ^jLoJlJI ad-oLsA^ a_sa ^ 7 > ^ *C 

O' 3) ol j9 ^J! Ojl JjA j Sdg J cU_JI fL# 4-u-9 OA_>lg l_jlJI _9 4_Lj_> jg_Sj ^l_2_II 4_>g_lJI 

l_jl Il_9 j a-Sja ojLaj jl 9 4 jjb 4 j-09 ♦ ^LiT jg "n j ojgj 30— 25 jp ^jLsJI ja-sJI 

OJg >gJH P^A — Jl J ^ ^1 lo \ Ijj SA 4L)^ OjAg_SJ| J_cLij JaLav] ^J 1 (5-^9^ jl j _SLr DNA 

. 4 a|ajlJI 
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gl (jjlj il l^g ^ J L< 3 -sjl-uj 1 j-SLr llU-LI^ ajgjb i \ \ *n I I jj ^^-Lc l_jlJLl!) p)g_L_>) • 

P 4 »J1 4 &jj_La JL< 3 _ 2 Ji jjj) gl . Betaine g) BSA g) DMSO J Lo 1 — ) 1, \ f I uill 4_sl 

. 4_aJI_C oL>j- 1 j P-L_»J)g 4 Jl_>LsjjlJ) 

oLL^iI) jg_>g 4_jb2_Sbl 4-u.s U ^ a i ju r DNA ^ I £. ^gLU ^jg_oJLJI jg Sb -^9 • 

f f 

jl 4 S'bJI^ 4_»_>g j^^LkJL-uj 1 ojLcjg DNA ogLii j-o a^LlII l-jl^ L^,\ i eg < 

l _^2 jl_^ 2 _>i-jlI I a £jj_La pg >JJ1 j__SLr aJLM J_Lo ^g « Dj^3t_»j ^ aJ^ ^Lj^I J^_>t_SU 1 

. DjJg_Sb) J_cbij ( j-LjL^Lj>tJLl 100 : 1 1 a j a'4* j L< 3 -SJL_uj 1 g 

jpl qj 10— 5 da 1 95 a cixP^ iijjL.ll J Lo 4_xJg^1 4 _jj1j.aU 4_LoLsJU plj_>j jl lb_>^mg 

J ? i j-o v*n / I U <3 DNA ^ ^^1 Nucleases 0 U 3 J) l^^ti ^ \ r I um 
^1 9 idL <3 ^-^39 Djj^-Sbl ^jjj ^ jjgj Proteinase K (j-ugjUJ aJLU oUjj^l 

^^9 DA ^ a 11 ol »_5jJUg 4_}gjLL!) 1 * t < Clj ~ 1 1 l g It *C a "1 A^cLsjju 4_Jj)j_U 4_LoLsJJ D-Ljb jl j_C 

c 

dU-L^g 4J_<3_2JL_5 l5jJ[) oLjgL-< 3 -A-Sbl 4 -O^Lsjj A^LlJ) l_jl_£; Dj)j_U d)L>jJ J_9j a ; rg . L-jUlg tl 

. p^Jg-J) 4 -O^Lsjj 



V V V V 

< ^\_Jl5jJL) D^_La_> pLlj) DJj^Lo 4_Laj_JJj) ^1 CAdt—SJJL-O A^9 4_>gAjJU 4 loj-JJJ^l jl A^bJl L-JL-^g 
J_9)g-0 j^_9gjg L-jUlg Q tl ^—UJL-O jl -4 t Djlj_U 4_>jJ J_9j 5 ) D-L -0 ^JLIoj j *\ <J-jl_9 lIU-LJ^ 

j f 

JI_o_2 _I jjj) j ^ 4 >jj J_< 3 _ 2 Jl idiJ ^ j >1 t 7 r V I o^LM ^ ^ 0 * j-L^I 

. ^J 5 _< 3 JLli 4-tL-^-tL-^-j-l 4 _>jaJ) Dj 1 j_aU ^j 1 j_> 

f f 

4_jlJ5_j1 oI_La_»_Lo L-C 4_j^L> ^jLoJlJI jj SJ A-9 ♦ ob}iXI J^_C ^J_>^1 oLLa_l 111 (j -03 

f 

D^l clj $J L<Q-^ L_ijL^i3t_Ll I ^l P^^>JJ) L 0 L 9 4 J Cg i L*^_Cg j-Jjl | tl II g) JgJLjL_9 gl SDS J_Lo 

f 

g) D4 < 3 _C^b J_ Q tl 4 tl I <g C plj->j 3 I ‘ ^Ltj^l Jg_>t_5Llb L_jljl_LSJ jjj 1 g ^l-3tJL-UJ ^ 1 wU) 9 1 

. HPLC J1_0_2JLjjjI 

DNA J-L^-d h,\ <3 C 1 

f 

j-0 L-jJlg \\y tl aJlj j 3 . 4-<3-4 ^ Spin columns 0 jJ> 9 jlLI J ^ ^ t l o^ 3 _d 

^1 lJ! J_S! UJI 9 0 jj 9 _SJI J-cLii ^\jl 9 j ' a ■ 1 'i ^ 9 ) 4_l_<j_2j^-u.'-tl ^jLojJ) y ^( 9 — uj DNA 

. a \ r y I a \ ^ 7i '^9 ' 1 1 7 J *C 'u ) 
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S' 

I DNA oLi^- Adsorption jl>^-ol Lc J. jK^uiJI h i <} C VI A \ J_o_C 

DNA .LL^I 4 2_j 9 . ojLc J_C (j^L> j 9 c> 9 _) tiJJj jg *N ig 20 jj^3; 

> 9 < 1 - 2-1 4. t-A , ~ij 1 I DNA Ll)l ljj_> J »' £ a Ia j £_ i _0 I 1 II ^q-Lj ^ ~ 1 1 jljJll 4 I i 

p^jIj 4 U 'u lj , DNA ^ f . Washing buffer J_ujLiJI ^Iaj J ^ i> I I 

. ^j- 3 -Vl oXLj_ 2 j^_sjjXI 9 ) oL^-Ls-oJJ lj-d>L >- 9 Lu^j £_;LjlJ) DNA jg-SLg . Elution buffer 

f f 

4 ^L>- >)^ j o I jjjJL) DNA 4 ^ jj-it 4 _j^L> (J 9 -Sj d,\ <3 r^l o-L& ? > 

40 j-o J-s^l oLJI^jJI^ Djj^-SUl oM_cLij ^gI^j c ^ i ~ * 

f 

^ -L_cl jjju /> a ^ rVI r > a Q Q . ^)j_C^j_S1jLo 20 PCR ^LjI^JlJ lLILslSJL-O^I^ D-L_cl_£ 

04 <3_C^l5 . ^JujW J5_>t_SlIL L— LJL— uj jJlJ 1 g ^jg-Qgjr) 1 *\ tl / Jr) i \ Q tl J Lj-SJ — uj 1 DNA ^^J-C 

f 

J \A ^ j_C ^L_Go_9 DNA ol_Ljj_> OjLj J_< 3 _ 2 JLjjjlj j) j *\ <T j -0 PCR ^\JLLX 4 v^LiM 

f 

jj C £\_jl 9 J ^ I ( _ 99 J>- Aj ~’ 9 ^ II J-cLfli CjuL^ )jl 9 . oLllj^^iJIs ^Mo^l J-Lo 1 . ■ ‘Ij H 



>L4I O^JI 






aiu 



. DNA gel extraction kit 



04_<^) 4J.L_£ 9 . oL_^0)}LJl i~ <lj ^ ~ \\* /) 4 jL-^Jjg lJl .K.tI d,\ <j r 1 ,\ >5-3$ 

. oLil^J) ^1 4Jr) 1 tl I^U_2 _LjjjI ^ L-julr) \\\ tl l^Ll 3^Q j-0 DNA c Q \ In \\ t 

j — o 4 — S'bJI l_j — ^ l7 g — I) RNA l_jl — I l^-Q L7 — Lc j) j-SLr DNA Lcjjj_^j L09 

L^Jl-o r D N A jt \^a 4. J_»_9 RN3S6S RNA ^-L^_cj oL^jjj j-o L^5 _L>^ L^g^Lcj^ L^jlo^Lsjj 

. ^ u> *S V I I ^ ni i I I ^j-iLi 
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djgLo \ ^ t) L-j-jlg \\i tig I lo 4-1 — III 

f 

dJgl _9 < DgJg SU 1 J cLdJ £U)lg 3 jg Sj g) gg (j lo ^AA^C ^ 4 <3 11 l_)L_jjj^1 j-0 Ia^j3> A^Jg 

+ ~ c 

. *ijg_jCg_-o g^_c oMcLii ^jgA L<j K J_Lo oLi^j^lg jju-S-ll oLig-j) 

f ? 

djI cj ^1 J >-a /> tl a \ rj c 1 JLc-SJ—ujL Lo) ”■ vLo^' J '. a Qg L-JUJI '-'Lr d 1 a i 'i ooLcj i _ i 5: iiJ 

^iU J-O JLJ-I 4 Ji_A 9 . ^Lil /70 DjL o j I4I ui r ^ ^Lj^I Jg_>t_ 5 LILj l— ljl— uj gA-J 1 

^ |^j — A lo t 1 1 L7 i» — I) ^j)g — mJ) j — o I — a>g^-c 9I l7 _Lc (59^ j! j-SLr i^-j -1 I RNA 



L 7 — l-jJLlI) £aLt ^ Lbjg_j>g ,\ir J-cLLiil ^gJgJ j) j-SLr ^^aJI 4-jg L <3 ti *\ 11 L-julg \u 11 j -09 
p j, \ ? 7 1 1 oLluoW | 9 Pyrophosphates < oU sugjll , ^A^jlg-SJ) ^^Lo) , SDS , EDTA 

j o I &g^-c 9 I lsj^I ol A <g c j o 0 \ jl j-SL^ ^^JL-Ilg L^j^-cg Spermdine J_Lo 

j o /70 j L^J m. _c ^g >t_SU) l— ljl-jjjjJlJ L I^jl^jlj ^ 1 g 1 llU-LJ < ^jg-xjjJJ oLiLsJJ 

f 

. J s«Q Q 11 D,\ 4 f 1 J L<3_2_Ljjj 1 g) ^Lj^l Jg_>t_ 5 LI) 

g^ — C jg — SLj Lq,\ ; r jA g-uJJJL-LS-l 1 jg^l g_& Jl_£) 1.L& ^ DgJgJJ 4 -)gL <3 1 *\ 11 j)g-i) j-Og 

lo » Ig — j jg_j^l LlJ lig i DgJg 5U1 J_cLij Jg \s~\ ^ ^1 ^ 5 -^ 9 -j (jl (j-Sl^ ^iJlg 

J SJ j * *Cj 7 tl 4 l_Lo^ 4 _jjjLo 4_>LJ-I lijljL^ LiiiiJ < DNA L-JI-Qg p^j)g_J)g a t "ig 1 1 *Cg t ; tl 

dNTPs j — o Jg — o l7 -Lo 0.2 -> 9-^>9 4 Jl^. Ml< 3 _q « J 9-0 ,^7-Lo 4-1 4 u ^ s^gJll j-j^Sg-Lllg i J_cLij 

f 

oljg_j^U ^L^jj^gj JLq_2_ljjjI J \^a q'XLq KCI (59^1 p^gl-^JI jg^gg Taq ^gjj jg^gg 
P^gb j__SJg DA — ^ oLjg "N 11 Jg — >g ,W C (j^^ ^ ^g-x-JJJuLsJl) g. \ \<Q o j_0 J9-0 ,^7 -Lo 1.5 DgJ -1 
j 9 —o U 7 — ^ 2 ^1 ^ g ^ ; ? t l jH^gJ jljj (NH 4 ) 2 S0 4 |^g-Hg-o^) oLlt^ ^Lc. ^jJ^l 

f 

4 A_CgJLj 1^94 ujuLS-LI (jg_j) g_x_SgJ J oLc g^LlJ9 ♦ I ^ ; JL J L44-S J />lg 2 . 11 DJJb J_>)aJ ^J) g^_jllj 

Jg O u 1 >0 2 4 \ j PA^J) J_j 2 j^Ljl _9 Taq (j-O ^A^j Pfu J L< 3 -SJLjjj 1 A i V Q J_< 3 _ 2 JLjjjl 1 ) ^gJ^l 

. MgCI 2 JU_2_ljjj1 ajl^ j^JSjJlII ( h ‘^ 9 MgS0 4 ^g-ti— ujl-LS-11 oljLjg^-^ 

^ ^J) EDTA ^0 4L^U djI o ^JLc. DNA ^JLi , 5 ^) bl JLM ^Ui^g 



LqS . 



J.O 7 > (j) l_<3_^ . ^g_jL_JJJuL2_tl (J9 _j) j_x_$gj DjLjg L-jL-^-g Lft,\ t r A^_>)g ^g-u- ujl-LS-^O (j9-^l 1 t >0 ^iljg_> 

. pg-A-jjjuLsJll (jg_j) j_x_Sgj DjLg 1 <^a ; rg dNTPs j_x_$gj DjLg q^LcLlUI 

g) CjL — mi! gg lo ^1 (JJg-J (j) (j-SLr iAg^ii) ^g-x-mlAzJl) (j 9 ^l ^ J k) ^g_< 3 _ 22 _J 1 c 7 — Lc .9 

f f 

J Lo^l g 1 ^g-jL-11 ^g_>t_jLlL lLU jg J_cl Q ) J_^ , \ t C I j _0 . \ <sbJ) c \ ^g < 4 > Q I 1 ^g_>> 

1.5 J pa Jig pg-A— mJLS-ll (jg-j) (j-0 4— j-Lu _>^0 j_i_^ IgJLj (j-SU9 4 ^ ) LujLLQ L-Qgg lo ) l__)j plg_>L 

f 

• Jg-^9-1-1 J 9-0 (Jj-Lo 4 (g) J 9-0 (Jj-Lo 0.5 ojLh 9 J 9-0 ,^ 7 -U 
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\ <3 wo 1 J LLaJ.1 -IV 

(■ 

j 0 4 J4^gJl ^ I Ij In ) j *\ Ig < 4u J_J^_9 Jj-jLl— UJ P^jlg-Jl j< 3 -i -0 va~) ^g vAg^Q 

f 

j_^l lh-o 4 >oLlj i >t_ij p^jlg Jl ^ I Pa Tl jl il ^Lcj_jjju L^_J_c jgjJll j-o jLS' L-julg^l 

. D4^_c 

^^4 Ilg 4 * Q I j i *C I J 7 1 p^j)g jJ) J_<3_2 Jl JJJLJg « OjJg 5J1 ^ JL I o £. (juLsjJ^l 4 ^_sj p^jlg-JLs 

4 — A <g c p4 — J ( 4 — Jg_ogj_Sljl — o 0.4 j — jl-SjJLj P-^-JI 4^_£jg ‘ Jg-ogj_SLjLo 1 — 0.1 ^gljJu 

f f 

^ J — A— Sj-JlJ 1 jl < Dpg — o Jl — c jj — >^l L^gj — IhJ) jg — Sj j) L 7 _I_C l-xjLTI I-L& ^ 4-LLq^I 

P^j)g_»Jl JL< 3 _ 2 JLjjj 1 a ; r LOPlg PCR JL< 3 _ 2 JLjjj 1 a ; r \ /£ \ s\ D-i^C L_Sgj_lb ^ I £. 4 ^_< 3 JL£j 4_j14^_»J1 
DNA l_jlJI_ 9 jjgjg . J 9-0 gj^jLo 0.5 jg-^^ jg SLj 4u ^ ^g ^ j * ** J_s) jLs 

C f 

jg Sj ^ slg Jl ol jlJLl_Jl_> ol La_T Cj I JgjJLj^l j) j _^0 4^LJ1 l_jl_£; ^l_L<3_9 P^Jg_Jl pU ^ 

lLI — J ig ( L 7 — UJL-SlsJlg (^-ol — 0*1 ) P^Jg — Jl I— ^-Jl -p 4 _»Jj_i — UJ ^^4 — I) 4 7 Pa Q Tl j_<Q_s 44 OJg_J>g _-0 

f f 

l_94 — ^J1 4 h Pa ; ,0 j_c P-^JL-S-J c g_L^Lu) ^ L^j^Lq-SL-o 4j>* j— ^^lg j-£^l p^Jg-Jl 

c 

JLo_ 2 j^_ujI J_Lo In Silico L_)g lsjU-1 oLlsjIjJ JL< 3 _ 2 _LjjjL L^-jl -0 -L^LlJI j) clli-Lig 

. BLAST ^uoljj_j 

L_)g lsjL> 4 L5j)jJ plj >j 4_<3_4 J^-il »-II JL^-SJi lsjL P4 Jl J-»-3 (Jggg tl j -0 jg_5L)g 

f 

Jg »^J1 ^4 c 4JLv ^g < l-q,\ g II 4 ^ Pa ; l p^j)g_»Jl j^a va^ j^o -^LlU BLAST JLj-sjl. ujL 

4 — J^LLI ^ — Lc Djgj — j 2 ^J) D4 — & (jj — ujug « £( 5 -^ 9 — j-J) ^ jl — jl j_Sl ^ 

(Random hexamer ^LiJlg — S lLl-C. P^-^ 19 — J JLo-SJi — jjj) I — ^ 7 /) J — \^A j ^Ul 9 . RNA 0 L 4 

. 3' cij-LaJ) j_o J_skl J-oL^-> primers) 

f 

4_<] m J) ^5 Exonucleases oUpJ j^jLl! 4_j 24j_C P^j)g_Jl oLJIgJ Jg-Sj 4 -jljLj 4-^_> (J-O 9 

Dj_^j ^ qI v>^j I <^a ; r llU-LJ Vent gl Pfu J-Lo Tac| l-i^c Djjg_SUl oL^jjj j>> 2 . * I dj-^JLI 
j_SLrg . j-ig-o ^ Lj^jj^o ^Jl Phosphorothioate primers J* U.S' dlii 

c 

JL^ ^ 5 . Denaturating polyacrylamide gel J Iq»- fjjLJI di < j-o ^LJI 
1 II j— £. ^ LkjJI j Sir Jl Jl I i^J-l J-i V V i I oXjL^I JS ol Q. i 'i wil 

. 6AJA> 4 - 0-0 A f^jlo-J ^Jl <3 2 " "’Ij d-Lq- 2 -I "ill 

Polymerases ojJ 5 _SJI oUpl V 

f 

Taq I g <g ch 1 Djjg — SJ1 J_cLij ^ J-^-sj-uju j) j_SL c 4 ^Ll_>^o oL^jj Djjg_SJ) oL^jj J_< 3 _ujlj 

c 

♦ pi p4_i^) 4 S_o j ^ Pa 1 jl j ^ { li I ^Ux-> \^a 7 Jl <M,Li a /i ; ^ ^iJI 9 hj 1 £L) J_<] 7 'i \\i II 

. UjLjj Uj-S'j j-o lt-JI Laj^-c 9 I Vent 9 I Pfu ^p | 9 
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1.5— 1 4_9 1 )oj jJlJ^j-SLjLo 50 JoLo |<o>t_£* Taq O— uidL L^_j ^ VA 3 JJ ) jJlJ 1 ^ 

ol >L>oJ) 2 d\_L>t jjj j tg d,\ 2.5 — 1.25 5 & Pfu ^ 4 _» ujuJLg < d,\ 

4 jl_o_^ Djloj Jj Qj \>\W j— O jj SL 3 . jJlJ^j-SLjLo 20 J_cLo ^^9 DA 0-3 0.1 J I_< 3 _ 2 JLjjj L 

^1 j*b_ 9 < 4 oLod) jjLj^JLI o)j 4-jLb->Jll oLLooll J 30-3 a ; r J-Lo o^LU j>> ? * ^^9 ^jj^l 

DjJ^ SU1 ol <jj) ol dl_2_9 J lLo ^1 ^J^J (^idl oL^Lool) JLqSOjjj) 4JI_> ^^9 L^_JJ Lj 

. J _<3 7 ~\ \\\ II j_x_$jJlJI C 7 _Lc 0 -<3JL-S-j to <jJlJ 

4 q 1 qaJI / d,\ c Li 3 h *n 1 J xoj oJLLa^I ^ Taq ^y j 4 < II 7 9 jl 00 L 2 J) daoLlI^ 

J5005JI j_5d* c tl j- 4_2J^ 4JI_> . 4 -Ol- 9 qJI / DAO.I -9 3 I jl ^ 2 j3 Sj PflJ^ 

ol <jjj I ^ jl 9 J g_ 2 J ^^idl Djljd) oU-jJg . 4-jjb 25 / DOC 1-9 3 I jl ^ 1 J AO j olldd 

3 I jl ^ 3 ^1 Joo Qjt-x-^ l-jlJI^ oILLdI y L^J LqSJLjjj I a ; r ^ 72 DO) DjJ^-SUI 

jol — > l7 io J j_o_c fO-jj J-SJ jl j-^dj J-o j-SJ 9 4 p 68 ^1 Gj)j_jU j^a t a ^ j-o oM_9 doc l_9 

. 4-0-9 j 40 j^.o9^ Taq ^i'j_j| 7 <3 9 



Cycling ^aoJI 9 I ol j9 oII joc -VI 

l_j_H_9 4 JL— < 3 — ^ ^-03 4_L<3_2Jl mil l_9 9 j_Io1I ^ I C IjLoOcI 4-L<3-S-Pv-VL- 1 I olj^ol) JOC l_oLl^ 

jo_c j 9 SL oLo_»_LolII l_jJ_cI l 7 9 9 4 -x-L< 3 - 2 -J I jo JooLil^ Jo Lodi LoJ-> ^ DNA 

4-Ll-I_9 ^_Jl 5 ju JL< 3 _ 2 JLjjjI a ; r « l<d^Lll J-soLdl pLLoC^ L_9l_^ ^j 9 -^ 35— 25 i yu olj^oll 

f 

. j_L^I 3 ) Dj 9 j 40 ^1 o)j 3 oJ) joc djLj o^; U,\ \ ? 9 5jju 10 j-o J^l J-^-o DNA L_dl3_9 j-o 

PA — dl 4 J <3 C ^(3 ^UO!A J \U ) J^ 3 _ 2 j ^j-OOloJI jL^-> jl ^1 dLaJ^I JLJl IaO ^3 

. £\o>oo J-Cuij J-C-S-i pL^-Li^lj 

f 

I — <3-^ jj 7 >0 l 5 -^° (><3-^ oIj 3 aJI JAOZ-J ^ 3 _SL>t_dl jjgj N^A tl j _0 J 9 -SL jLo^^l j^A 7 >3 



JOC j Lq-SOjjj 1 3 OOj-LoIL Pod I lie ^LL< 3_9 TD jjlj-d 1 £ tl OOj_Li j L< 3 -S-Loj I oIL> 

^ ,\ r 4 JL> ^^93 ^jLsJI oIj 3 aJI joc J^_ 2 JL_olj DNA L_dl_9 j-o 10 - 10 i yu ^ 3 fj— i-j ^\_ojlj 

f 

jj_>l J- 0 I 3 -C J 3 . 0 O Lai >3 . oodoll ^L^oi^l £jlj-> 4->jO 10 oIj 3 aJI ja_c j)j_j ^- 3 ) 3 ! J 30-3 

^J3 <jjJ) j-0 li-boo ulJA j L qSJLjjj I 3I ^Ij_C3j_SLLo 1 jOL-0 ^o>o 1 aj DJ Lei Oo 

. oljg^yJI je_2_l ■ ■ <~\l 7 tlj dJub fLO! oL>jAJ5 1000 :1 10 :1 



oU-jj -VII 

f 

J >)j jj-J* II d L) j C 4 oU 4 <3_Laj^I ^jl > (^idl DjJ3_SJI O^LcLo QuoLlo 1 

c 

J 0I9-2JI j o 0j)j_£-l J-oL^- jlA 4 JiJ . d-iAeJU OjljeLI oL>jj le_oJ_) d-ieJ-) d_o_IhjXI 
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9 

l_jl > 1^1 ol IoLljL >^1 2 l1JIJlj 3>5 . jj_>) J- 0 I 9 -C J -0 J->)- 1 jlJ 5 J-cLLlJI ^IJ>* ^ 4 <g ‘sLU 

JI_<3_2JLjjj1 J_Lo 4 \ *\ <3-11 4_Cj_sjjlJ L 4_^_Ll_>tJll Oj1j_jU ol_>jJ ^1 J 9 VA 9 JI jl_<3 vA I L^_ 1 L< 3 -SJL-UJ 1 



OJ 



1-^4*) l_jljljLj) 



: ^4^0 j -0 j-L^I j -0 

I < 3 -^) Ta ^L^lIX) oj)j_> J 4 j> ^^(3 Tm jl $ \^a )^1 (j-L 2 _ 1 .ll 9 -^ ^ 54 ^) (1 

jl a->^I j>> ? ^3 < l_jlJL^J1 J -0 P^jLJI j-jLL^j j; a /* jl iVI Djlj_> 4->jJ jJLlJ 3 . (LijLjjj Jj 3 

L_J — 5JJL_^ 4_!LL) D4^j3> ^3 < ^44^C j -0 4— >j J I ^ i Q ) 3_3 J I_o_ 2 _Ljjj I jj 9 j s^A 11 j -0 jg *\ J 

: 4_jjVl 4_>jJ 

Tm = 81.5 + 0.41 (%GC) - 675 /N- % mismatch 

P^jLJI ^ -L_cl 3 _jiJ) j 4^c J-L^ N 

f 

^ jl j— ^ a 24 Q < jl_^ Djlj > ^ 4 jl_o_&) GC 4_» jjjulJ jl Ih. 11 j -09 

. oLil va 11 -^ 9->9 A_LC jhl_ 2 JLj jl j^Lr jl^-J^LJ^l 

jL^2lj^1 oj)j_> ^j-Lc LLojlcI ^juuUj J *\ \u ) J4j> ,^ 7-^9 Ta ^L^jlJ^) oj)j_> >L>jj (2 

^ 93 ^ I) 4Jl_>I sjj ^l_j)-ij JL<3_2Ji jjjL I 4 JI J 3 3^^3_J 1 j_SL ^3 < oL>jj 5 j^LfljL llUj 3 Tm 

j o ^ 54^0 u U sLj jiJt Gradient thermocycler JLo ? » nu L SjIjJJ oL>j 4 j ^uol^u 

C J 

4_>j4^j p4^»J) 9-^9 ^ jjjL-SLa 11 L 4 o ; tl J_<]_2 jljl5jlj jL_>^l j>> ? 13 . ^ 15— 10 j-o dj)j_^1 oL>jj 

^ Ldl 4 — >-j4dl ^il ^9 3 — 1 1 j^J— ^ ( J_>lj --0 1 C Djlj-J^l lL)L>jJ DjI_Jj 3 ^ 37 (J -^-0 4 \ I 0 I 3 Djlj_> 

f f 

. jj-^l l_)L_lsj! ^1 J In t 11 L_jLJ>t_jL_9 4 1 ^ \\\ 11 jlj-Sj 4-JI_> ^3 

Extension temp aJLL^I dj)^ (3 

^j_x3t a ; r p 72 — 70 Djlj > a ; r ^LJ|_S_^ 1 j J_o_2_3 4J_<3_24Ljl5JlJI) J 3 Sdl oLjjj L_jJ_c) 

J 0 _ 2 _J 1 a ; r j_Sd 3 4_JLl_Qj/ D4^cl_9 3 I jl ^ 1 ^4^2-11 jj ^jq D4^cI_9 600— 200 ^3 L 4 J l^)4^1 

f f 

Dj)j_i) J^A ^ *4. lLU-LJ J 3 L 4 JL jjj l!jl^ 3 J) jLi D4 ^cLq 3 I JL ^ 20 j-0 JS-L 4 I ^l_Lo 4 _Lj 3 _L 4 l^)4^1 J-0 

. ^ 68 J -<3 7 ~\ \\\ J 3 



9 j^iiti^ip-vm 

1 > ^ f^u-Q « DjJ 3 _SJl O^LcLij ^ 4_jl_jjjI_jjj^1 0 L 09 C 11 j^o 4_2J jj_>^l Ja * *13 * I *\q t ; tl 

c 

jl j 5L C I ^JjLj3 « 4 2_Jj^l 0 I 4 * ^3 jl I ^3 aJl-U 4_j ujulJL 4 3jl3_L-09 4 _jl_9 I 9 oLlxJ-SLj j 3 _Sj j) 

J_2_I 5JJLJ j) j_SL ^9 « p 3 _tL— UJU-2-1 1 luL) 9 _j! j_0 4-j^JJJLJ L_JL_>t_5JJLJ l^j) Lo_^ i Aj ^3 Sdl J_cLij L 4 * ^ 

^ 1 j ol Cj jj J_< 3 _ 2 Jl 5 JJLJ l _^4 LC 9 dUTP JL< 3 _ 2 _i lsj) J Lo J cLLdl ^->(9 3 j_J 9 ^ 

JL< 3 _ 2 _i jjj) 3 ) < ppl 0-^9 dUTP ^-oaj ^iJ) Taq Jl-o JL_> \^A ~\ 1 1 4 <1 \^A U- 

A J — . ->— e> J-— L> ^1 J^_ j 44 JJ dUTP : HNTP j .tlr ,. 

(3 J cLLd ^ ^ ^ ^ ^ pi >*->} ^1 p vn ^ 3 lLU-LJ 03_LlU 4 _j 24 j_c 1 a I a t "13 1 1 ^3 t ; tl 

. L^_x_S JJ3J ^-jlJI jL^ A^ 4 3^)9 4 ^-x— <J >t— jL-I 1 L— ) Ll-L<3-C ^ 4^3 
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J cbi-dl jlj 0*1 j_5dg ^L)lgJ J9 (j ^ jO-^_Cg l_)L_L 5J^1 j-0 O^Lc) j_$J Lo j-C M vA Q 

f f 

CjlJ O Q O^LcI OjJ) jg Sj g) L^ L C l_< 2 \\) ‘N 11 ^ LL^iU j_5dg CjLJ>tJLj)g .^i 

j| 2 _j g) Blotting J o_c g) ol ujl^I JL< 3 - 5? 7 \\< 1_J A \ j, \ ^ llU^J d Ll^lg ppl <? *\ ) j *\ tg 

^O^LM ^ ^ 1 1 d j^U -3 Nested primers ooLLlsJ) p^j)g_j JI_o_ -SJL-UjL |<i > 1 1 1 

100 :1 ^Jg_ojJI L^ 2 -jL-jj-$> J_Lo JI_<3_2 JLjjj1 

f 

^j_lj liU-LI < ^ulgjJ) 4 Jr 1 ~ J va <=> ^iJ) J_J_£- ^ I lo > lILl.^ jg_5b ^yl-Lll l_jjLU 

t ? 

l_^_x — L sl oJa pjjb jig J_SLsIjlj cjl_L^__>- oJa ^ j_LjU j) j_o o^LlJI 

c 

,\ Q *3 j lg j I La*JJ , \ t QggJl Jg L^O JI_ 0 _ 2 Ji 5 jj) j-0 ^LJIg ^Ux-> \^a J *\ \u ) J_^j_2JLjjj 1 g 

f 

luJ di > \\) a i 1 II Jj^-S <3_2 _i1j^I ^Jl >q a " "’I * jl ^ t^VI 4 , I ^ r jl^ J *C \\i i J : ml 



Low yield JJ_9 J_s^L- ^_Lc : Lib 

J— L7— ^ J9- _ 5 ^_>JJ 4_^_J ni -0 £L)lg 3 ^ I £. Jg_s^_jU oLL^-lJJ |O_th_ 2_-0 jg Sj jLSj 

- c 

J-^JZJLO J_>^1 g_& jg *N j J-jl-Lq J_j^L> ^^J-C Jg \^A J-l jl jigJLO Lo_^g . J_sl oLL^g-j (J-SII 9 J-x-Lq 

f 

: L^-jL^Qg l_jL_jjj^I 

. J-cL^-lJl oljgj J DjLjj ^\_H_2Jg ^LL-Lq DNA L-JIg-S ^ ^ ^ 

♦ BSA J Lo OO^cl mi) j)g l) l^I clUi I GC j 4-u.LC L^Jg-^ J -^-0 L_jJ)g_iJ) op)jj • 

. 4Jl_>I ujlJ) P-S »J1 di J_o_ 2 Jl ujLjg . I &j^_Cg D1V1SO 

d £jj_ JL o_2Jl lsjL liLs-O j— SL <Tg DNA l_j 1 1_9 L7 5 ^L_jgjb l_j J 9-^9 LlJJo^g 

PO »J) d Ojj- lo JI_o_2_i jjj)g 4_S_>« uii) oLil L^Jl) JLo-SJi jjj) g) ♦ TD jjlj il Jog_»_^_J) 



0—^9 ^ t 

DNA 



Ljl >Ll_>) lLUo I ol \ \ 11 ,^-Lc ^g-^g x C \ V^\ j^_C Li,\ £ \\\ 11 DNA j,\ Q jg "N J O^i • 

j__SLrg jjj^I ^ J_o_2JLjjjlJI 1 ^Ltj^l Jg_>t_SLIl j-0 -^LJl ^1 4-x-Lo-gJl 

f 

. DNA 4-ui-LLl J ^ tl aa s] r 1 j L q_SJL_uj 1 g) 4-Li-> t^Q JI_o_2JLjjj) 

J-cLLlH ^ I 7 ti o ^ j)jJ LlUiJ l-u-u-ujlJ 1 P^jlg-J) d \ i A jg *\ ") -^i • 

0.5 OjL_Jj_j J Lo^l j x-^jJlJ! LUiJ ^LjJLiII Jg-L_il ,W C CLujajulJ NlgCl2 j-x-^j-5 * 

• J9-0 CT^ 4 ~ 1-5 J9-0 cr^ 
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J- 4 - 2 J mi LLJJ 4 J < J cLajJJ 4 aJLjLO m « t J-cLiiJl ^U_<j_SJLjl^l -1 1 £ jjl^^l • 

^§_5 UiX ^I^J! J KC1 4 ojLjj 9 NH 4 c 7 _ I— c_ ^ 59 -^ 0 ^ 9 -^ 

. ^U^LU ojLj 

JLo-SJi mL 4 fl-ljL>wQ O^LcI aj jjJ>- lLU-LJ iUjJ^Lo j^-C ^l_>tJLl^l Oj)j_> ol_>jJ jj £j 4^.9 • 

C j 

. JjlqXI aJ-I ^1 J-cLii J_SJ ^ 2 OjLjd 4 _>j4JL0 oL>-jJ 

f £ 

^ \ r I 0 q. I . *\ 2 j o jk S> 6 I 1 a i \ it» X i ^ ^ Q did . 0 ^<-aa_ 3 d_!Ldsd d_ao jj i j jl *C /* * 

<U3. ^ ■,■ t l ojLJ. 1 (Kb) 0) 3 I A1 1 LgL^o (^jUaJL ) AaS^J) jg *S j j) <_j_£; 

. Amplicon 

2 JLo-SJ jjj 1_9 dJi I < OjJg S_l! (2 !JJL ^ L 7 ^ l5 j 9 ^ jl j4d 4 -L» 3 _LaJI g_ iu _ l ! d \ I <i c • 

IjUI ^1 ^LlJ>* % 4-tL-L<3-gJl j^-S^ 0^1 JL<3_2 JLjjj1 A 1 £. 4_jl_qL^ jj Sj 4 -^jl-Qj 

. ^Ul_>I_Jl5JlJ1 

f f 

♦ L-^-sJg j-o a_S^LlJ) llU-LI < pLij) j_>_ljlI 1 d > U r >• • 

f f f f 

4_2-j|_3 Cj|j ^ ‘ b> r I j Lq_£-i— aj I g Ojljd-I j_)jAj jL^_> gl t-> , g , r ^Vl ^ ■ b> r I \ 1 " i 

. adLc DJ^_> lu)j^ jl ^ ~ ^ 



. I ^ JL Q - jHL-C pj jQ 3 ^ • LaJLj 

Lo c ^_a >9 Smears duL> ^ 1 1 j9 ^Jb 5 I Non-specific bands a ^ d) j^L j9 ^Jb 
p,\ a x ? tl ^ JL< 3 _ 2 Jl jjjL lo 1 I) j *\ c ^ Jumping PCR 

f 

i) ^ tog . d JL^IjJI ( j_L^Llx 3 _LJ J Lq_ 2 _ljjj ) ,\ir ^ 7 -^^ ^ ^ \ yl-t— iu^l llU-LI 

I lLU,\ ^Ng ^H 9 SUI J cLij ol o 9 ^ >0 J ^ I £ tl Q dJjLliJ (jl jj*\ C 4 StdL-ll J^_C 

: l^i-09 

f 

^ L< 3_^9 jjlJ^j-SIjLo 50 J_cLij ^ ^JUJ) j_x_Sj j J_j^_q1 « DNA l-jJLs • 

f 

hhM DNA ^)j_c^jI ) 0.1 ^ oLjLsJI^ ld 1 juuoj^LJLi ^Ij-c^jIj 1— 0.01 

J_Uj dJiJ 4 S* 7 -0 Ji-C- f>y^- JS ^1 js$3 jl jSu; >dXI od<j_SlJI jX gDNA 

L_J & cllii J il D-Lj 3> J-Lo J 9 (j ^ ( 5 J 9 -^ (j) j-SLr DNA l_jlJI_9 / I *\ 0 ") jl Lq_^ . 4 tl <g *\ tl 

f 

L5J j O 4 £LlJ ! 9 L^JL< 3 _ 2 _i jjj) J »_9 < 3 _lLJ 4 jIj^)^ 4 A-X 3 _>t-jLl 1 ol A <g C J_x_L^J 



4 \^A \^A >JLQ JHL-C ^dl9-j L^->^ L^jLi^l^ L^-<3 -x-< 3 N^A 7 ) 4-jLi-S-Jl D-Lc3>5 • 

oL Jl^jJl ^ 4-Q,\ 7 LSJL-0 — c ( J-1^I — ^-0 ^1 J^4 _lJj_J j) j ^ { 4 vn \^A >t J lII jHL-C P^jI^-JLs « 

f 

d ni a 3 J pl SjLj ^ P^jLJ) jl j^O 4 ^LlJ 1 j_C N \>> Q , A )q I ^ j-j r j_L^Lu) Jg 

JI_o_2_i jjjL In Silico jjjLJ-) ^ l c P^-^19 ■* ^ ^ ^c5 J l *-11 j-o 
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c 

l— )ljj ‘N O I — ^ II — Jl l_jl — 3l_4 |^j_jLj^ l-Q, \ ^ I 1 ^-0 oLSLjL) L^j) (j --0 ■ \ 1— l L I BLAST 

f f 

. gauJJ ^LojMJ) ^> 3.^1 -L 9 j _jLJ 1 j^o aJTLJ) j_c , Direct repeats dj_ JjLa> 

9 ) L-Lai ^jla 4la ^ \ I j t *Cj 7 tl i J o a i jjjLj a^LJI ^ jl I o £. pLrl ^ * r 9 

o-i j jgA 41 ^ I c Jl ^j_<g jaa gDNA |<34-3 adj l-jl * ^ ~ I 9 . a jj^lLJ LL 99 L^GjLj 

. RNases j-o ^L.41 DNase I J Lj-sjljjj L £A 9 _ojJ 1 j^o gDNA 4 _J)jj 9 o 9 jAj^) — 09 w ‘s^l 



^9^1-9 ii £Al) jg-^-Ib ^U^Il l_)L_jjj^I j -0 A-gJ ^9 t 



JLill j4-^H9 p^j^aJI • 

J_Lo^l j — jl-^jJlJI^ a — > iJLq jj — c — 3 ^1 ^ 9 -ujjjl-LS-II 09 J j_x_$jJ DjLj j) 

f 

j AjJlJI Aj^>Jlj dL^aLi-lg O^Lc.) Oj^-SAl) ol 9 _LJ-l J-jj-J J 9 -O 1—0 4—1 tju jg *\ ' 

. Lub dNTPs j^Ajj IbLii-l aLdj-o DjLj A-LC 0^9 

^ 1 c a o-L-g-U p^jb II JIaAi jjjI j__5Lr l!_UaJ Lj^Lo (J^ 4 -I P^jIaJ) 09 ^ jL_>^I 7 )g 

A Jj 9 1 *N j JL_SjJ J __ Qj p *\ <Tg < pAi JAASgJI DjI JjJ NH4 ^9 j 9 j) j o ^A J KC1 

^ 9 _x uju-g-ll a jjg 1 *n j ^j-Lc 4 dLl_ 4L j-SJ^ 2 X — 1 .2 X ^1 ^^—ujljg-Jl 

• L7-^ 1 jdj - 5 



j)a — c^l ,\ 1 ? <=> . 4 1 *\ \X\ 11 daj3> ^1 ^ 5 ^ 9-4 (jl (j-Sl^ Lj^Lo (j-S2 (jl J-cLajJI LajJ_> jIa^J • 
dUi ^ j *\) (jl^ « La 3 j_3) ^ (Taq) Djj^-SJI ^jjj 4_9l_Adj l-jl^ 4_9 j_sJI ^jl^^ 4 _j>jaj 

Ajl_C 0LJL2A2 J) jA2j 4_J ^jJ^I (j^ lLUj^ ^_LlJ 1 ^jlj-^: L * I 41 j | AA j 9 1aj2-> JJjJj \>> II (j-<3_S 

4A_>I ujlJ) PAjJI JL< 3_2 Ajjj) 5) « 4AAA5AAkJLO j4_C ^Gl^J ^lAij^ ALD^JI Dj)j_4I oL>jJ 

4 JLc Djlj > luL>j-A_J -L UJLjlJ ^ I) oLjJ^I Ia^J Dj 5_^I oLjJ^I j I— <J g_A .NJO L 

. 4_Qj_g_J! Djlj_> (JAJL j lJ^ 

j 4 c ^ I >gJ^) DjIj > 09 ,\ a Q « L^-Ax-lLlj (j-039 4-3-Ll->J[1 DjIjJ-I luL>j aj 4-jLl2JI • 

10 ± (5 -a^o u U gj ^aJI Gradient thermocycler JU ?; s^ L 1^ ^ IaJ < ajJLao 

f f , 

luLqI aaIJ j I j_LC^I j__1aAj ,\ S^Xl , \ g ) J Go^l ^J| jj gJ (jl l_j 4 Q, \ els DjIj__ 4I 4 >jJ9 « 

AAJ ^1 ^Ll3- a ^ Q ^LglI^I DAO j^JI dLaj^I ajl_ 4 l_<3_^ ♦ J-cIaLJI Jajl_L> ^ 4-LaS-A-AJL-I 1 

f f f 

aqI-S 4 ILL^I Ajl^5_9 L^A -0 A^IaJI ajl^ 0j-3^l 4 L)j)^> 4a>-jJ 5 dJLL^I J_cLij Lol 

« ^1 idj DA cl_9 5 L_S^ J SJ (j-Oj-JI (j-0 DA^Ij 4 aLl_9j 4_sl_ADj aa4 DAA.I-9 9 h "N 2 j-O jA^I 

. 0j-3^l aQ^jJaJI ,^ 7 -Lc IdLoAaI aJLLd^I caq^ Jidj (jl (j_SL;9 

f 

A — S'IaJI a — g_J9 aUaJ < 4 >ALp jUL ^Dj— > j 9 ^ L ^1 (5-^^J (jl (j-SL^ DjJ^-SJI oLjjj DjLj • 

f 

. J_< 7 •; ui 1.1 ^ t *3 J- } -LaJ j_SL c_ oM_c) v-Qgj lo II j_o 
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^LLoj^-C Ja-T jg ^ to : l_ 2 _)lj 

7 > (J-^9 c7 — Lc. 4 t <3 q! £UJlJ ^iL^-ll J va fl tig ^mi J-cl <3 ~\ II ^ j22jjJu 

(18) J *\ \\\ tl ^ g vAg-^3 l_<3_^ 4-&g \\) ^ ^ j_> J (j 1 0 L^XI 




DNA pj_> ^Ijl 3 : 18 J ^ \L 



f 

jl ^ tit L<3_jl_9 lU L<3_sjj 1 1 j<3-Lujlj Djl_C jijL^J^ QJ4^SJLQ l_ ) L— iu 1 4 lJ ^ <1sj u' 11 ^j-XI AA ^ jQ ^ 

JJJ jl JJJL-0 j3 SLj (ji-> ^ 4-&g \\i >0 j4j_> 4 Ul-Q j-^-IbJ j) j_SL £ Lo jLjjjl-0 j) §1 LoLc l_ l-|— lSJlJI 

: c_)L_jjj^1 a a fls (1>^9 S-a-j-Lzs O L<3_sjj 1 I 



Cjl )L^ )j^ 9 4_L<3_2_i mil ol <3 SlJJ ) ) £9 ) ^1 j 1 a * j ol <3 Sl^ 1 ^_J ) jjj O^—mj a ; r • 

A ^1 2 JI JL< 3 _ 2 J jjj) « CXir** iJJL ^ ^1 !-$: I jl 9 A 2 JI j 0 4 0 "\ m -0 

J »_9 ^uLi II 1 C J^(_J ^ Jpl 9J 5 04 l ^ 65 Djlj > 4 >j4^J j-3t mj j) L_JL_^ 4 l< 3 \^A rt>g 

^ 4 jJg <i 1 5 g-iJ 12 4 sJLJl 4 _j 3 mi^LJ) CjLjL^JlJI j^-04JlJ ^^L^_J1 ^^J-C J_x_^ 3 _>t_lJ ) 

j J I S^L -0 Lo) < 4 _i_ 9 l i 4 oj 09 ^9 |< 3 ->*JlJj 4 9 ^^4 II Cos sites (jl mil. JXI 

. Q-j3t_5JJLJ ^1 ^LiJs ^l_9 lU L<3_Sl5J 1 5 J 1 
— JJJ j — o J — SU 4 — \\\ Q \ J — jl_< 3 _>JlI) J — jlX3-4>cjL!) 4-S-\ — JO JL< 3 _ 2 Jl — sjj) J — \^A Q ) • 

(IX) J_ _x_< 3 _>tJLl 1 4_2_» j^4 £^j)j J-4-24 mj l 42 t StjJl a ; ^j[ < 3 _JlJ 1 ^ ol <3 ) 

. J_jL_< 3 _>tJL! I a ; r Lq-^JLq ajgLjJuLQ ^L>t_>l J I_< 3 _ 2 _Ljjj 1 5 

JL<3_2_Ljjj1 5 I Q-u^-jLJI 4_9l_j44j 5 I 4-Lu-t-l I J-Lo DNA l_jlJI_ 9 o)j_j^_>t_jLll • 

f 

o)j ol IjjJ-L 4 jjLiLo ol 4 Sj-> pi Iojj ^1 jj^JI 4 a I Loo ol_2_»_J^ 

. j : 4_c 4 ni ^ > |<34X_XI 
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ol \ \ <j C ^ i-I) g-J ^ ^ ^4-J_j2j J *\ \\\ J J_< 3 _ 2 JLjjjlJI 1 4 -jL-O 3 jf.il J_>)- 1 jlJ • 

20 j ^1 g^ In q J ^ J_< 3 _ 2 jl_l 5 j 2 L 1 gj vnj llU-LI < ojj \ *\ 1 1 g_L 4 -iJ) J ^ 

J vn a tig JL< 3 -lS'I , \ ?) Supercoiled DNA ^ d 1 1 DNA 9 1 04 —cLi 3 L <s 

. 30 d-lJL j_lLLo/ ^Ij-c^j-SLjLo 0.5 ^ 59 -A 

DNAjjL \^n >0 (j O j4j-il J 2_> ^1 ^-^3 3 04-&3 < ^Lb-SJU l_JUJ) i n *S jJ 4 7 i t In • 

. 4 iJj _>^0 oLsI uii J >jJ 4 \\\ Q ) |<3 >uJ t) | ^_J j *\ I 3 4 ilj _>^0 ol jlJI^JLj^ jLfl-h-^O 

|<3 >uj U ^^9 L^J ^bgl-JJJL-ll g^t°> h tl LL^j) J < \V 1 S Jj Ut T< A 4— C fj-ii J 4-jlJl- 2— 11 g-k ^ II Q 






_<3> 



jl ^ )i) ol <3 SLS^) 1 ^_J ) 5 < 3 _L 



. C< G J 4-jLJL-sJlg 

(J C L-£ LjL!^ J-SLjJJU jOji) JJLJ • 



ol Ljji) j o ol_>3Jj-o 3 1 L7 J3j_L> < \ \ < SjJ -^3->3 3) 4-S-L^-^JI ^ jo_Lj -^3->3 J-Lo <■ * » *N 1 jJlI 1 

o I j 3) 4 l^LSLLI DNA g^ln q g-o 4 _jjLLo l7 _Lc jLiJoi^o 4 _Sj_> j ^ In 3 oi-& Jj-03 

. 4 ljL 1 jl -11 ^ xuLuflJl j^qooU 

P^jIj ^ 4 A_> JS. nij 1 j 5 < 3 _ 2 -o jg Sb ^ Lq,\ i r I vnjl 03 \\i 11 loojJ) j ^ In j • 

c 

. J_jl_>j_jlJ) 4 1 1 <3 r lLU-L^3 ^jLojJI J_x_o_$- 4 1 1 <3 r pLij) Lj3j_jo ^3 *\ j J-0-2JI3 < J_x_>jJlI) 

£43 <• |<3 >t_> l c I tn ^3 oJlJI |<3 >t_> « ^43 ojJl j<3 >t_> l_jlj jjjlJI ^3 SLj \ Q • 

f 

^ ciiJi I3 « Qj 4 > 4_2 lsj cjl Ij J-S^l M_<;3 L^LiT j3 "nj j) oLo—jjjI^I 

l<3 U j 1 j__jl _9 I 1 ^ s jj C lLI li jl ^ (3)3 ^ 4-2 J^lil ^3^>t_il g -0 OjH A-Sd) j-iil J_<j_2JLjjjlj 

. (IX) 4 _ 2 _»_J^lil J_x_o_$- JL<3-2 JLjjjL 

J i_> ^ ^L_jj_ 2 _J) oLLjjJ-) j 2 j_ 2 _j 3I 41 jlj 13 _^ j 9-^9 (J-C L^Lj Q3 \\) 7 11 j3 *N j 4-9 • 



_s44_>t_LJ 4 



J 4 O-jL-kj-j 4_ 



J 



-^9 



■<3—2- 



j dJ.LJ . d_ 



-ii 



; > j^U 4 ) LL-2 — 1 1 lj ^ I o_i . jH Jujj. t a 4a-i 9I ^y-aJ pU) J I — <3—2 . JLjjj 1 3 

f 

J_»_9 oL^Ll) iljJoL J )j_jl_q L^jJljj jLS-o^b jLi ^ ) 3 « oLcLi^Lll j 3 -Sj l_ >jl: ^jlI p In < >3 



.P l 5j) 4JL j-O-iil 4_J_0-C A 713 J_jlJ>-j_lILj PA j 11 

f 

I <a_i) L^_ ^ 7 1 j 0J4 2J-Q j) j "\ <* 4 -xJl->-Jl-I 1 ^jil J-^-0 oL -^3 \\) 1 • 

( 4 — _J Qj-<24 _ ujuQ jhl-C 4_jlJlI3_9 JI_o_2JLjjj 1 A j C I vn j 1 j ^ In 1 3 I J_o_2JLjjjlJL1 ^J 3 _oJlJ 1 4_l_9 J-Lo 

. ^3 jjj/ Cjl 1 3 -i 8 - 4 Q-i J ^ 3 ) 3—3 II 4 «AU) 4 AJLI 3 j 11 l_j I n 7 1 J_x_>jJlI1 jLjLj 

^ J jl_>jJlJ1 P4-_j n ; r ^Jj| 9 j 04-_2J 4 _jlJlI 3_9 J_o_ 2 JLjjjlj |^jil pbil j-0 J-tL-L-jj-LI 3 

23 J Lo g-Jj— sjjlJI JI_o_2JLjjj1 4— LC 3 . 4 _ 93 j_ 2 JL 1 J 34 il n ; r Qj-jjL-UJuO J 3 1 1 J-Qj-J 

k \ w 4 j^L> P^j) 3J3 4 s^L> 4 jJj3 ol o_ujl3 JLo _24 jjj) J \A <j t Q l<3 jjj/ l!jlJ3_9 

. J3~^4 l 7 _Lc I jLoJLcI i-i— J 3 — iJI 
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^1 ^5-^3 O4-JL2JI a tl ^9 j_L ^ I c 4_L1 m 11 44-1J3 a TL 4-j L-S-Jl l_jD • 

— L ( j-i _ j -LjjJ ^D 1 4J0L2 JJ J-xj-sjljjjlj llU-LI p^jloJl ^3t_mj 

j_j) ^ Q \ t 4_l_o_2Ji mil 4_2_» miJl J j) ^1 J_x_>jJlJ) 4-Oj^Ul 44-1J3 Q t) ^4-^3 

4_2_» J miJ Lo LC J jl_>jJlJ) lJi A-S3J ^j_i jl_9 < 2-0 O > ^1 £03 oJlJ) 4 $j_> 



LLD |< 3 Jljl _9 Orange G JL ? » m ) olll Lo) ^X^J) L;r ±lj ^1 Bromophenol blue 

f ~ f 

. ^M^J) J 3 --L ^LD 4 - 2 -jj) ^1 J vai Lp,\ i c J_x_>jjlI) 

J__LiLJl ^ I C O- 0 JL 24 lLJJj^ Ljjj L p jhl-C J_j 4 >jJlJJ J_o_ 2 JL_mi) P^jlD jj S 4 0-9 • 

J 9^ AO 1500 j Oj^ SI J-Lo-cJ) |<3 >t_> Sj j) Loo L2_9 . 4_L>jJJ 

TBE p^j)^ I) Lo) TAE p^jl-s I) ^ 7 ; L Supercoiled DNA 

f 

Polyacrylamide gel JLo_ 2 j^_ujI ^ •■ r L^J ^ I o^cLi 1500 j_o 4-^X1 » L ^ I I 

_mj J n^a c 1 j ^ 0^4 SJ) L-D j) -L >M1 ) 9 . ^ mi) L c . jl i* 

. (TBE) Dj34_!1 P^jIj JI_ 0 _ 2 _jLjjj) 



o)j g_ Lrn^J) J_ 









4_> m 



Lj) 



1 J9J 



LDX) 



4-i— mj 



j 9 _Sj 



— J. • 



J > I 'i II (j C jj2i_) 9 2 JlU pi 1L) 



_mu 



l—D llUoJ < 4uLLl 3JII ^L>^l 

f 

4_ ^oj_>JJ p^jj J_ mi_9 ^1 5 jj j^jLSD j 4 _$jJ jl_9 ^J_ 2 _J) 4 1 1 o r pD 

. 0 ^ 4 -Lll DNA j-L-9 



-)Lmul I^J 9 ^ 1 C lU L> 



_m -0 j-^-Lj 5 ) J miiL 



QJ.\ 7 t Q 0 j)gJ Jf) ^ ^ : I Ul qL> 



O -24 OJO- 2 JLO j_^. 



_Lj 



C P^j)^ J) Sj a h Q , a \ t -LI c P^j)^ J) 5 ^ 4_L mi) OO-^ l-J Lj ) j< 3 _&) • 

O LC QJ-LLLq ^ulgJ j 3 ^ L ^1 4 - 9 , \ \\i o jhl-C ( J_LLo ^1 L i IjJg 4_ mmm3LLo 

p 

)i 1 < jL- 4->*4-> VA t) ^^JoLli) ^ P^jI^-JJ LLj) J , J VA Q t) 

p 

4 J 5 — jjjD ol — Lj.) o)p)jc>j 4 I g 1 1 ) -L_ljj 4 ,^-lJ) c 3 _L^Lii ) 5 p^jLJ) j-o oLLI) D.LI (^- 4 ) 

j|_ 2 _i XI 5 . Public databasesa—oLsJI obLJI ^dj-s j_o BLAST ^-cbj_) JU^I 9 

4 L_>^Li L^jLj 5 ) P^jI^-J) J 4 _$jj J 4 -L-CJ 44j^5 JI_ 0 _ 2 _Ljjj^) J 4 -Q P^jL |< 34 _o kLj 

J — va j ( Oj — lSL J_o_ 2 j — mi) Taq ) J — cLJ) j : ijl — sj ^1 4 _>D aJL < ^j-D 

j_jJI , Pfu ^jj) JI_o_ 2 _ljjj) ojli Phosphorothioate primers o j 5 _i) p l 5 j) 3 -J) JLlsj 



443 1 L o JHL-C Da rt>) |<344>t 



N^A 1 ) 



j— O J— D 4 — I 4_ 



D) 



. Splice variants J. 



Amj2Jl l 



L^_oLs3 44-L2D P^jI^D) j-o Qjj-2— p^j)^ j3-Sj 
jD) j) 4 c>t_LL) OJO- 2 -LO 3) 4_49l_L3j j 3 (j L J3-S4 • 

p 

jL_Lc_c pLu) oljjLij 9 I Isoforms 9 ^1 ^ L \ 
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4 ^ 



*C A I Djj^-SU) oM_cLij d j-usjlII ^GlgjJ) j) j-SL c • 

f 

^ 1 a LD ol \ \ <g c p)j_>^ ? I ^ i >0 j^a I >jJl j_S Lr D-L&g J-cLLcU j)a^_c ^1 oLi<3_c pLlj) 

. Djg_^l I^U>jL ^Ljl_>Ljl 5 JlJ 1 P-L.J 1 J I_<3_2JLjjj ) g) Pa t >^Q 

JgA H a ; r I ^Ag-x uju-S-ll A^_jjg_L^ jg ^ I IjIaJ DJ-L-SJLq I gJ j-^ IaJ A^_Q • 

c c 

1.5 — j )a^_ »_j (jA — <rg J9-0 C7 -Lo 0.5 pIj->Lj idii-o J-Lo^l LiJJiJg < C7 — La_L) 

c 

• (JD^ J^LA _0 aJ-l_ 2_0 J* j_Sb LoA Jg _4 l _ r U 4 (jn 4^9 J9-0 (jr*-® 

DA C A JgJ>* l_j ^ Lft.N < Cg DjI ^_> 4 _< 3 _ 5 ^Lo jAA^-C j_C 4 Jsl_j 4 1 *\ \\i 11 jg_ 5 J A ^9 • 

CA Qg j ^Liil a^JI ^1 Jj_ J^AgJl A LCg < ^A 2 Jgl CJ ^ 1 _>jAJL 0 < 4 Jj)j_> oL>jJ 

f f 

J A 4 . ^-ol JgA JL<3_2 Jl jjj) J V>> Q^lg TD 4 ALJj_La ^ I t dJj_>GJl J_J*AAlJg . 

c 

Dj^ >^1 oljgAJl pLsJl I A^g < CU 1 j 9 -^ 3 J-SU DA^_>lg 4 _JgJLo 4 _>gA^J jH_a_S_jLJ ) J Lq_2JLjjj 1 

. oU^jjlII jg^Jb jjJl 

J^- -s^> 9 _U j AjJlI) J Uj 9 I j|j_j a. h s J q s. 1 "ill DNA JLs . ■ r M 7 11 * 

cr iil) aJLi-l 

P^jb JL<3_2 _jl jjj) ^1 jl J*A_J DjI 2JI ^ Q < J-cLj-lJl oLigjLog P^jlgAJ) j-0 A^bJI • 



J — J** 



_2_> 



A 



<£g . J^A kAitl 



wLtfJ NH 4 + w il o-o ^ KC 1 

dNTPs 5 ^ i i >3 j V 1 g II (^_9jJ) obg *\ II 

JL 0 •? '■ '"1q i—'-i—iu-J! y-tb og-bJI ^_9 qj A- s-i-U ^jI^JI dJL> * 

. (Check no template control for bands) NTC 

0-^° ^6- .j^a *>L>_i_'uu L aj9_LL_LI & 2 f~> a tl p ■ •>• >>> "1 ojLcJ j ^ I *C ni 1 1 \ ; r * 



SL 



9 ) 0-0 C- \Ja ; 1 Jjl4- J^AJ^lg A^jl_< 3 A>gJ I j -0 oljgAJ I $ \JA Jj-SJg I 7 pA ^ A^-S_) ^^L^_J 1 

f 

L_jL_>t_5jj L_sL^ jg S2 j^a ^ 1 4 4Ul-o 4-oj_il DNA 

f 

o^b 0 I J- Ga iljg j|j jjj^I DJg 2 a 4 Oj-i-l j— 0 -^->1 9 ) 4-G_x_9a21 ^Lj^aIJIL ^Jg_<* 



-> “H9A J-cLi3 L^JLo_i jL-SJdlg 4 JL ^ JL I 1 



J Uo- ». 1. 5_ 10- 4 '10 aaL^jlIL ,>AJ 9 J^jl- 



^Jg_<3jJl ^j_^_ 



DA_<2JlAL_ 



Gaj djI cl • 

4_CJj_La 



kd 



(PD) Primer dimers pjjIs-JI cjL> 9 jju> : LuoLuj 

IaL j Gda) m r ^ w\\ wiVl I /£ t t \ug 4 -oLazJ) J^LUll j-0 P^j)g_J) oL>gJj-0 jjg SJ AASLj 

|Aj — > J_S^ — AJ 18 J *S \\) tl ^ ^\_GDg-0 Lo_^ LuL>gJjJl) J ^ Pa 1 LU_Cg . P^jlg-Jl |<J-x_<3 \^A ) 
J LC LA 2 \\\ *\ tig 4 LpAlg g) 4 jJLc 4 sl_L^ la)j 4_> ui -0 gl DA^cl_9 50— 30 DgA^ 

_> 4_<3A^Lo 4_CJj_La 
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I < 3 -^ £^3 < 3 -jlJI j-o £j— i lsj) lLU-LI JHL-S_\^ jg ‘Nj oL>5Jj-0 j -0 ^gLiJI^ 

.19 J_SLjjjJ1 ^ 




oL^Jj-^ : 19 J ^ \\) 



j-0 ^Ljlj) ^ i ^Ljl-JJlLjlJj CJ !^_L^_> 0^1 J j-jg *\ 1 oUl j -<3 7 lg 

jl_Q 4-j 1 SJI 4-u.S l_ 4 * Lub £GLlJ 1 Sb I qa ; r ^ 3 4 a L^ i II A ; r ^ q v>> ? j j -0 P^jI^-JI 

f 

II ^ a ^llILlI) D^-L^il Lol . ^LjbJI D^-L^il L< 3 _^ ^ vuVI jdlJ^L ^9 a \ w) Djj^-Sbl 

c 

^L^J! a^i-l > ^ 3 ^^jJl GJjAlJJ J_< 3 _ 2 JLjjjlj il < 4-0 jLlJ1 ^ OaJ>- 

luL>^jj-o j -0 qaj±> ^ut^J ^1 aja^> p^jL ol_Ljj_> L^a 1 a \ IjJ ^jJI l-jlJ 1 ^ a *\ 

. p^jI^-J) 

f 

^^jj >5 4 jlJLc j_jl_51jJlj djLc asLsJaa p^jI^-JI 1 aa> ^ o ^ o j ^ jL_>^l j>> ? * oja^ 

ol 3^_Sl-o jjj) j *\ I 9 < J chi_dl plj_>^ I ^ i G oLud u o \ "> jl I 1a Ljj 1 -uza 

f 

O — -0 Sjh — >^ l ol j9 ^J! ^ 4 jla ^ < 1 ^ '><* cr- j^Lg-dl (j-Sbr ^ J-cbLiJl 4 -l.ij j-j_tL_sJg J-cbLiJl 

. J-d ; II 

J-cLliJI oljj *\ ,09 p^jI^-JI dM ^ 7 w)L < 4 1 1 va ,o ^dljj ^1 ^j^a oL^^jjJll j 9 _Sj jl 

Homodimer ^L-ajuL^jlI) oL^^jjJLI p^jI^-J) ol_> 9 Jj-o j-o -^-^ 9 -^ ^ 9 _< 3 _ 2 J 1 . 

oL^ 9 jji ) 9 Intermolecular self dimer j^lgJ) p^jI—JI oLb^ ^ L;r ^Jl ^3 
1a < ij 3 il 4 aJjl>wq ^( 5^)9 1 ^ 1j>^* j o L3 ,^-j II (^-^9 Heterodimer 4 JljLl-i.II 

f ~ 

l_9 1 A ^^1 ^Pl3t \^a3 J -0 (JUlsLjLj oLljj^ ^JLLjlJ j->I P^jLJ 5’ l^j_La_J) J -0 P^jLJI 3’ 4j I ^ ; II 

f 

ol ■ I o ^ I AjoU ilJ Ji^ oL>OluJ.) j 5 ^_ks 5 ) JJ-3 JooL^- 5 ) oL>jO«-o ^LLocj duj^-o 
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a JL> . o^LcI q \ 1 I 4_jj_a>L> j-o J-L^j L^jI Lo-^ * ^ x J! ^LJL 9 pL^JX) 

L^ L c lJi \\\ *\ II j__S Lr Dj^ >^1 a t ; a \ 1 1 < ol jl_o_521 ^ jJ^J L^-iLs RT-PCR 

j I /j ^ oLkJL>tJ-0 J_x_L$- ^1 J I_<3_2 JLjjj Lj 



*^Uji 4J L jj a£j 

( 3 ) 4jUaVl v'-^i ^ 

3 ^ iSUai ™ “ 

jji 0 joii j _;k-3 1 ( I | 

Seep I: the <^' Pti^' I s^iaiJl 



TT*fi 

3 <, 



filial I 4 aS1531 



II II 



3 



l.i s ,\\ ^5 I 

4a 51& 4a5lj p(jpjl 



- 



ijTTTTTiITi miiTTim 



} 



* ,j: j 1 4j_ i ■_! '-i. ^ j jpi 



oL>^jj-o jf) Sj oLJl : 20 J ni 



oL>ojjJJ l-jL-jjj) 

f 

plj9 II l_j_»_5l5jlJ I jg Sj ^ulLi-sJII 0LJI3J Q-u J-oLSjlD jt < o^Lcl j_Sj L* 

GC j O I aJLc ^I^lJI L ^ 5_L_>t^ jg *\j Lq,\ < r ^—5^5) J *\ ni ) J $ ~) DAjfc^ < oL^JjJJ 

c — ^-0 ^1 — j-JI -L^Ljjl UI9 oL^jjJJ j-j^-Sj g-jLjx — j ju ^1 lo a Q (j^4-J l-^>9 

. Hairpins j ? \\ > II oLlLo ^ 9-Sj llLJ a ^3 
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d-sLLaJIg ^)^j| 

oL^JjJJ ^l^j) j-0 £9-) J-SU9 ^LLjLjJLQ 5I ^Ljl^LxJLO j 9 *S J -L.Q CjL>gJjJJ j) O^Lcl L-O-^ 

4_» lsjulJL Lo_$- j__SLr L7 i» II A G dj_jU xdLsLL^JLs « I $ \ c ^ '->^1 s - tlj I ^ I <3 4. j_SL <• a_9l_k> 

: ^ ^jLi-l jl 3' abl ^ ; I ) ^lc Self dimer 
AG = - 5 kcal/mol 

: j5_Sj Internal self dimer ^^lid-GI 
AG = - 6 kcal/mol 

^5! ) a ah>J.I j_o Liiiu L7 -, llg Cross dimers oL- 9 jj_<j_U Lol 

j5_Sj L^_ULSj a ; r 9 Sense end Antisense primers ( j-rX) pjjLJIs j-W^I p^jLJI 

( auAj-kJI 9 I a^-jLi-l ) 3' u^_kdJ A G h^\ aLiLkJl 
AG = - 5 kcal/mol 



: a^ U -l-G) j-sl^Jll ^ oL> 9 jj_<3_Ll 9 

AG = - 6 kcal/mol 

f 

Sj j ‘n Ig . ^gI^jlJI j-o J-L^j L7 -&g Hairpins j_s_jjjlJ 1 oLs^Lo j-jg Sj L^_j j^Jjg 

II I Ia Sg d sLL^JL L£2 LqM_C ^ I g D-i^JL2-0 j_2_jajlJ1 oLj^Lo Dj_s*b^O 

j (j 1^ 19 ♦ A/H ^ 4 1 ‘n sIjl-o j9 Sj ^ 50 4 >jj cji £* jg SLlj ^ II oL^ULLi < Lb d O ^ ^ 

♦ J 7 II oLiiLog d)L>gJjJU 1 i \ ^SjJL- 1 jg (21 J *\ \\) ) ^Li) J *\ \u II 



4 lop f delta G = -6.6 kc/m [bad!) (worst= -36.6) 
5' GGGAAAATTCCAGGATCTAT 3' 

I I I I I I I I 

3' TATCTAGGACCTTAAAAGGG 5' 

4 bp, delta G = -5.4 kc/m [bad!) (worst= -36.6) 
5' GGGAAAATTCCAGGATCTAT 3' 

I I I I 

3' TATCTAGGACCTTAAAAGGG 5' 



Gligo, 3 bp [Loop=4) , delta G = -0.1 kc/m 
5 1 GGGAAA"^ 

111 I 

3 1 TATCTAGGACCTTA-J 

Oligo, 2 bp [Loop=3), delta G = 2.1 kc/m 

5 1 GGGAA - ^ 

I I I A 
3 1 TATCTAGGACCTTA-J 



LjUila 

ol_> 9 jj -09 Hairpins j 2. ill Jl oLlU : 21 



. Intramolecular interactions a_Lfj^ j_o ^113 j v A II oLiU 

2 alo^jJll a_ji_>-jLd-l oLAjUU A G a al G II ^j_j_ 9 9 . 9 I 4_J_>Ij oLsjjLLI 

. -3 Kcal/mol A G aJ^IJ Lol -Kcal/mol 
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j o ^ ■ I J 9 ^ 4 .1 j </• jiJ) ajl-o-SJ (Gibbs free energy) G J-L^ 

Og-Jj-S 4JiJ 9 . J-cLa-dl £LuLiJ_> 9 Ajq a r ^ /0 Q liJ 9 , Cj_)Lj G ? '>> i_A- |< 3 _lJ Lo 4-jL-Lq-C 
1^3 -jl-^-JLq ( j_2_saJ1 4_ sjjLo J jJJL-SU ^LojMJ) <iiLLJI J_L<f ^^.jJ) ) A G j<3_x_JlJ J_L<f j_2— uJl oLsjjLo 

I &Jg_>gg < I ^ jl Q L_)g r j rx jj r j v \\i tl 4 _ sjjLo j^ l_jljl_5jjJ 1 Og_»J ^J1 4_JI_2_J1 4 _JI_jjJ1 

: ^JjLsJLL L^_jLsjjl_> j-SLr^ ♦ g VA O J *N \\) J J-cLi.Jl ^ jJg_j 3' cij-LJI jj_c 

A G = AH - TAS 



oLJ-LUl 

L_Jg JJjLL) ol LSjIj-IJ LjJhJ L^Jl-C C ^ JlAd) J*\ s j v \\i tl oLjiLo^ oL>gJjJ) J_^Ls1l-0 

) L^_o_x_o — ^ l5 j ^ 9 — Jl J--0 J — L7-^l . c7 — 1—0— 22— I) P4-.J) J_»_Q 4_jLI_2_Og 

4_}gjl_Jl l_jl — A_S ljjJl ^1 ^Jg—J (jl (j— Sir — Jl J-oLSjJl j_C LLjL_>t_»J (Lijv^ 0j_Aj ^ Li— UJ l_0_^ 
lo > 04 -jJ 3 Lr _&g I ^ 7 J (jl ^1 VA Q jLli^l 4 J <j C ^ 4_qLL^JI oLLjauv J_i^4J < Lbj^-Cg 

. ^j^_j^3i_jLJ I g 4 _J LIulU LjjjlxJ-Lj oLLlJI 0) 0 b» > f I $ 

s*£>JI p)j_^>-^l jL_i-^ >I 9 _UI 9 \\i II ^Jl j bi i !l (j_SLc_j_s A 1 1 <3_aJI d i ~*LJ1 ( j_o Lc! 

f 

: J-C.Li.Jl ^1 to j J <4jgLo t *\ J[ — ^Ljg Ljj— \-^2— 1 1 L-Qgj to Jl 4-LLplg 

I <A a ; rg , 4 2 j_ 2 _Jl Djlj > 4 >j-^j J cLi_Jl La jl I ■> j) A_cj Air oL>gJjJ) jg SjLj jl j G* 

^ ^jI qj 7— 3 d,\ l ^i >9 <gJI ^ ui-o « ojJgJJl I a_c Lo oL^ALLI to I ^ 

po »JI 4 ijj-L2> J_0-2_I 5JJLJ §1 . J_ cLLlil P4 J ^^j-J^I L-Ql voj ^ 4^-jL-Qj 2 DoJl ^-LlJI ^L-C 

. ^Ul_>LjlJJlJ| 

oIj I ^jLlJL>I |^jJL_ j Jl jl ^1 2 _j 4Jl_>I jjjlJI P4 Jl (9 j-I^ JI_o_2_LjjjI ^ L-u-J I g 

ol >jJ a ; r \>\ ? i ^LjQ |< 3 _>tJLlj L^jI J_oJl_^I j-0_9 lJJoJ^ « L^JljlJ Lo_x_Q 4_J^|^ <1jl-LoLSJ 



OjJ^ SJI ^j_J >j dJ^LLO^ IjJhJ 4 _Qj_sJI ^jlj-> 4^>j-l J J-cL^-JI aLa_C ! Air J_Lo 4 * 4 Ljlj_> 

^ 0)9 — Jl j2^ — 2 _j jj^ — $J ^1 ( 5 J 3 J jl j-SLr (^J^ 4 ^ JolgJI oL^j-JI ,W C ^jjJLs-jJI j 2 ^_ 2 _J 

♦ ^l5 j I9-hII 0 -^ 

^ 70— 60 ^1 Djlj il oL>jj J 9 VA 9 j^-> j^JI oL> 5 JjJI j 9 _Sj jjJ ( 3 jJ^ o-lx. ^l-^3t_Ljjj| 

: 1^_L0 9 

f 

jl ^1 J — cLlJI oLj^AJ ^^Lj-x-S J J-< 3 -C « ^9^1 J->ljJI .n < r OjJ^-SJI ^jjj Jr nil • 
. ^jJ^I (Jj-S-J g -0 \\) Jl J Lq-SJLjjj I J-Lo ^LjJLc oL>jJ ^1 OjIjJ-I oL>jJ J 1 

. P^jI^-JI j _0 4-Ll-Lq j-x-S^ljJ JI_ 0 _ 2 JLjjjI • 
4 UJLSL 0 I 9 ^1 ^ J l J* w ) o jl_5T lit Formamide j 5 o^ JjiLiaJI pl^l • 

. /5 4 ^ ^1 DMSO iiUb] 

5 1 . O L7 — Lo 3 < 2.5 « 2i 1.5 J 1-0 |Q 9 _x— ujl-LS-II Ajjg I ^ j _0 4^Jj_>^0 j-x-SljJ JI_ 0 _ 2 JLjjjI • 

« ojj^-SJI ^jj j 4 -JLs.jJ 4-jgj \a jj Sj C7 ^JI ^og-x— Liju-S-U oLg_j| (j^LL^l j-o pLkj^l 
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^1 4 t <g I U 1 J Dj i^olo 4og L< 3 _jl_S^ d)L_Sg_<* 4 Pa jo diJig J-cLLiJ 1 j-0 logl_< 3 _JL_S^ Jj_2o 

J — cLj-lJl ^1 — do ^gi-LdJ JLgolJl J_9gJJ 4 _xJljl- 0^1 jo^-olgoPl j-0 4 _jl_ljLJ-1 ^U_Jl5jJ_Jl5JlJ 1 

JU4L^l 9 l^Li, 10-5D4JI ^ 95 4_>j-L j ujL-li 1 a ; r j) 4 _jJI_C 4ojlj_> oUjJ ^ 

. 4_LlolgJl OjIjoU a ; r 4.J 4 _jlJL_ 2_9 ^ jg_>^0 ^joj j$ <^1 0-)ggf-LJ (jul— ujl-> ^joj 

DNA l_jJI_9 djL 3 • 

. jgljoU Jog ) tl 4oLj_Io J L<3 -S_L- uj L 4_oo^UJ fL^JdlXl Oj)j_> 4_>gj * 

♦ ol^jJg t I Sg-dJl j_A_SljJ j^_2_3 • 

f 

. J_cLjjlI) a I K ; I Ionic strength o^I j^_sj • 



joL> J cLLdl Og-L_> j-ug 4-do JggoU 4_IgL>^0g ^jJ^l Jg_> O^LcI j_Sj l_o_C M \rA Qg 

f 

. 4 ■ <3 A I mi ^ Jj J la ' i ~ il t~> . t 1 1 { j2xJLj tj ■ 'll *\ a) lLILuS) . Jjil La I ■> (j_0 Aj *C ■ 1 1 CjLs^XI 






9 

: 9 Aptamer 9 ) ojL_l^_L) a I >» O fl 9 I 



A 7 t t t 






iLLu^XI 



0-A_£> j-Og 



j 1 Pa ; j ^ 95 ojI^jv 4o>g-ij jplJL 5—1 ooJL j va JJ oozog < 4 -lJLs-s Pa 4 * PaI^JI aojIjoU 

OjoLS^ jig D^LcI oLJ-LsJJg oQgj Pa tl ^ Pa 7 og . (Lio) .jg l_o_S^ J-cLi.dll )-dog Pa 1 1 11 gl 

J — cLio ^ jJg_J 4 — ujodo Cjl — Q gJI ^ I ^ J P^jlg — »-JI ol — >g-)j-0 j-0 j^a I >dJ) ^ -dcLyjd 

f ~ f c* 

jg_>) JoLsog ^Loj j-S^jAjLdll look J_Lo C7 J-C L_jJ_2_JJg < 4dpi C *N ^ jJgJg ^Lj^o^I DjJg *\ tl 

f ? 

JL< 3 _ 2 _i jjjI gl « D4 ^_j 4^_> jj >1 J |<3-x-4 ^A-3 DjLcjg P^j|g_»JI \^A 7 j ^Lq_Lc1>^I L^_<m^ I 

f f 

• JUj_2_i_iaj| 9 I OjJ^ 



Faint bands : I v »l n» 

f 

L^Jl -0 D-LX. l_)L_jjjI L^J jg_$Jg « J-cLLuJI ^j|gj jl_^_lbj ol \ I <g C ^ 4 <g 1 1 J_^LjJjlJII j -0 40ZJ 
l_9 jg So ^LJjgJI o L< 3 _ 5 jj I gJ I ^Jg-^ ^ * o ^ dU-i^g 4-L-L-Q c Q a Q 7 will DNA ^ * o ^ • 

f 

jl uill j_^0 j-LoJ-o/ ^Ij-Cgj-SoLo 0.2 — 0.1 j^u 4jl i <j *\ jg ") j) Dj^_>^lg 

.Lane 

0.5 Jg,\ 4; jg So j) l_jl ^ ,\ ti^ggJI j ‘ >tJLo C ^x_» \^A 7 II jg So ,\ • 

4 jg I *\ II ^ uij ^ oQg oj ^j3* s^A II l-Q,\ £ H (jl ^ lilg .j I-LLp/ ^lj_Cgj_Sol O 

• ^(5j' j C7^ ' ‘ ^ n Ji- a2a_>Jl 1I Air ^J) ^jL-Ogg^JI 4_9looj J a > Q 

t Qgj L JL< 3 _ 2 _I ojI a ; ^ q J jo>jJl!) t Qgj lb j LjLC^I j-IoJo 4o>go jl l_jl_^ 7 tl a ; r g 

30 D 4 J. ^ II j o- 2 o Alkaline agarose gel electrophoresis &\ c\c II J-ol^jjlJI 

Jg L>t-^ 7.5 ^oLJL_>gj4 jo3> (< 3 -Sj ? T r iS~ H Cl Pjjta j -0 4_jl_qLS^ 4 ti <3 *N ^ 4_djL_9 J 
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^^1 & JLq-SJl lsjI A L C I ol • A <2jl_9j 30 DA l (j jlLLo / plj C 3j_5LjI O 0.5) A 

(IX) o)j9 J) ^ A < 2 jl_ 9 j 15 ) 3— >- daJI ^U^Jl ^ a \ \ 9 j 9->9-^ 

a ^ 4 -Q-^ 15 d. \ t \ * ^ 3 ^ ^ 1 r j^LU 4—yjLjij p^jIaJ) ^ ^ j ^ < Lj^jlJI 4_t)j^ TBE 

f 

. 4 7 | n^A II J9_L>^0 ^ j 3 _< 3 - 2 - O J-S^ j) j-0 A^bJ^ 

J — )y L tl J_x_>jJlI) j_-o L£-Ij llUj £jL> ^3 L< 3 _jlJ 1 ^§j-> 3 -£> j_>^1 l_ ij_ mil • 

^ ^ ^1 J*-L ^Jdi ^1 iJUl A v x ^ tl a ; r J_x_>jJlI 1 L^L^jj j^aJL) ilLtiJ 

f f 

Orange a_JU- ^ J 3 U t l ^Lo^-I d_sj,l aiL^o ^ Bromophenol blue J l o ■»- ». l 

c 

J_jlD>-jJlI) pl_C 5 jl^ < J_jlD>-jJlI 1 DA^O J3-L P^jIaJL LqL^ j 3_<3_2_-0 j) A^Hl < G 

c 

. LoLr l 7 JLq) 

l_j_jl^ L 03 l_jL lsj) j_>V) 1-^j 5>3 ^^9 DNA j L jIjllj 1 3 _ij> ^->^1 aJLSLAll • 

c 

£_L_9 jl UJLjlj) ^1 ^J 3 _J DA & AjljJt ) VO ^ tl L— ilS* < jj-JLIJ j -0 J 3 -LI DaJI J_jl_>jJlJ) 

. DNA 

f 

J — jl_>j_jlJ| pL^Jj) -L_ 2 _J jj-J>- 3_i5> l 1 jl^>L (J9-1j |^j-^l Jg (j L t ^j-A^l oL<- ujl.11 J -09 • 



Dj^_2_u^J) DNA J_L_9 jLiuLj) ^ A^cLuju 4-jl-Lo-S- 



d, \ cA 



1*. 






* 






uj ^ Q Q \ t ^U_< 3 _SJ-JlXJL -11 4 7 1 JL DNA Masking pLi^-j J ^ • 

<3 v 1 J JL>w0 JU_2j^o;l hjtL-iS, luL_<3-S_i J q 2 * "' "' X dJiJ . i~»l o 11 

. a i > w) a i i II a_s_iliXI i ~ i ^ DNA X a_k^L> 

(^->1 J-^l U) ^3 : LlqLj 

f 

J_S[ a 3 lLj I JTLSJL 1 qA^SLj j^-LbJ »^_9 xdLoLsJl J^LUl) D^Lcl j-Sj L<3-C M \>> q 

: L 4 i- 4>9 JJ o 

C f 

LT-^-S — lI) J-)^ — <2iJ) — jjjLsjj) jl — ^ j)^ DjJ^-SJ) O^LcLlJ : u *\ tl j^.\ a ~\ tl ^ Lioj£*l S 

f f 

A — d Dj^ — >^(3 . Lr -Ljj ^ 7 tl ^ <3 *\ tl j-J.N ^ \ tl pljA>j j-SLr jLl^^I j^A 7 > J -^9 {J <j ^ tl j-J.\ a "\ tl 

f 

: L^jL-03 L— )Lu-UJ^l J>> 7 t t Lliii) j3 S^3 JJT Lilli j2a_2_j xdL^>- 1 3J) 

j-j , \ ^ 1 tl LjjLsj) ^_jlJI ^LLjj3Jl O L< 3 _sjj 1 3J 1 j_C ^J 3 _< 3 JlJ) 

iLUa ^3 ol <3 SlJJ 1 3_J 1 3 £J3 <3_lI 1 J-S^I A—jiuij J_x_<j_>tJLll j L<3 -SJLjjj 1 l_jl_^ LlUiJ < 

A Oj-> l_Jj 9) ^1 ^J> 3 _< 3 _JlJ) J^-S-J 3 . J_x_< 3 ^>tJLl 1 ,\ > C A m <g j ^ 3 _J>t_i-! JL_ 2 _Ljjj) 

P L 5j1j JL-sa — lsjL J3 — 5 Lx _9 lJL-*JiS- ^1 a — jl-L-sJI cjl — >Ll^ 1 (3)3 < ^jJj3J) ol_< 3 _i 5 j) 3 J) j-o 

. (J-^-<3->t_lJ 1 4 7 | \^A 

3 A jjL-l A < 3 _j^Lo a pj3 CjL< 3 _ 5 Jj )3 JL<3_2_Ljjj! ^A^C ^ \_\_hlJI S^J A ^9 V 
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d ijj-b JLo-sji uj) J >>> cu dJA I . oL^j-SJ) ajaj>- a ‘ Gl <3 q jj— La JLqjjj-uj) *♦* 

^ •■ . -p T l jj * \ \h H j-i, \ g-il l JLo_ 2 j^_uj) j_o Xaj p^J) d-u^-Ls- Q-b$ Densitometry 

. 22 JJLiiJ) L<3_^ ^jdl ^ ^ '■ 



^ 3 ^]] Intensity 
Phoretix t> 




U 



m 

mm 



4 * + 4 





Densitometry ,3 j_La J l q * ■ ». l 



:22 JAd 



j ^__ s^aJlJI g <t> iii ni II jg S_) j) (j-SL^ *♦* 

c 

£ (j — 0 |\ ^sLlJI ^JL_j lLJJaJ < oLl_< 3 _SU 1 Aj aJv ^^9 (j) 



A C t\ AdA JU d ,dli [ j! Led < (jdLjl ^jJI jj £ _l 



4 _S_) AAi 



JU 



3 d jjj! 



g-JL-U- 



jaijU) a \\ <3 r 



tl 1 <3 C pLlj) AjA> J *N \\\ ) 



J9-U0 

< \ * 1 ^ V^^-Ll j ti ‘sljdJl ^j-^Q J \ < \) L— )1 7 \ J! >A!^ J- 0 7 ; * u X 9 . SYBR" Green I 



^ \ \ \S> 7 

® 



j -0 Ajjd lLUj aJLl 9 j 30 j _-0 j_LS 1 5 _jl 



jl_AAA_LJI DAO 



aJLU 






4 -S-I AAA 



JU 



. 2 d ajj ! 



-9 A * I O £ pLul J | " * A j Cj II d_JL>* ^ 9 ^ 



(jAjL>tJLO jJ-£ J. 



2 _jlj aaaL 



09 -^r-^ 



dJU- * ♦> 



o° 



l 7 ‘ - > 9 j-^ — ; ^ 0 ^ Jj-^ — sJ i^- 5 -j J_i_>j-ii) pLi! ^d-cLdJI |d^L^_I! JU- S - i - 

d Jj a s_>^ 2.3 ^ ^ ^ j 0.3 j x 3j ~i 1 Tns HC1 ^ ^ 1 1 ^ n *? * 

* Qjj tK Cjl 2 - \ . aM ij Ofl JLq-S -1 ml dJL> Lot . d d 1 Qj 30 DaJL \ I OgjdL 1 

f 

15 Dd l (IX) o)j 9 Jl ^ ^Jl J— £jlJ Dj^ >^l aLJ )j j J_JAA_£jl 9 Lj 5 _jlJ) J-O ^U-AJL-ll 

Cjl £* CJ Ls » AaJLj DNA ^ A *4. \ Qj < d 15 D. \ 1 -A-jl-O^jJL * AAalII J -»-9 A-Ji-i-Qj 
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gl DNA i pig sjj jj a 11 j 4 j >^1 47; \o II j)jJ ^ lLU-LI 



4 7 \\t 



iXI 



to 7 Ig JL<3_2_i jjj^U Oj_<i>l > 4 jlgJLO JjJL> 0 JgjJ oL^gollJl i \ \ C Ig OJjgJ) O Lq_sjj I gJ I 



. ^uLl) 

: (NTC) 4-JI \\t 11 Aj > wi II oljLsuuO ^ aj ^ jg $ ^ 0 

(j >1 2__9g-0 L_jlg_> (J^4 2 Lj 4 ui_qLl- 0 4^_9g ) Og-LiJl O^tOLj jg Sj Dj|_C jg Sj DO 3>g 



j _0 £Uog 



. DO 40 » olo>g j Lq-SJLJJJ 1 L_o>g ilLJiJ < 4 _Jg_Lo J-x-ILoOg t ^ Tulg *C J|_< 3 _ 2 JLjjj 1 • 

aJ^JI a ; r ol ^Lllg, sjg D 404 J-I Jo -24 jjjlj LiUiJ * l^jLL^jg oLoLil ogJj • 

. Og-Ldl ^440 jl o t J_cl Q \ tl <4jl_^_Jg 

j_C J < 3 _ 2 _j| Jj-LdI 40 Jg—Cg L_jL_jlg_J-l A a j 1 gjjh-sJl L_jL_>g lotg Jo- 2 -tl OcJolO OgJj • 

I lo Lit) Jo-24 mj ilUiJ J-cLLiJI t I j\ \>\ 4. oLuLq_C pLlj) ^ilig OgJj • 

o)j d_jL^J JU. .24 JJj) J \-^ A s g ol JO LLI JLo-sjljjjIj jljjJI j_o J ■ I OJ Master mix 

. Filter tips obOj_o 

. 4 Q I 7 >0 4 _i_Cgl ^ gl 02—5JJ I g_SU I J_^ ^ > 1 a • 

gO 4^9 g 4009 oMcloJ jO Og-Llil jg SLj 09 g j 1 jq4_ UJ Lj L^j^-SJg i Qg ^ *C tl j I q_24_uj I • 

. 4 _!LU aa j t 0 U.L 2 JII j 4 JL) j_Sj 




DNA oL>t_njuo jg-^-Ib 0 

J — ^ 0 — O ^ j_SL!g j->) J_sogO ^ 4 I ^ \\i II 014 L_olg_> grA 7 ) ^1 J^JoJl ^ jl JlSJ 

~ c *1 

: 4o^l uLl-LU^I 40-1 j_C 4Jsl_j jg SJ Lj43> ^ I *C \\i 1 1 0 « 0_9l_o4^1 oLih_>^m j4_2j 

9“L-^ j-o oS'LlJI l— l-^ (-LJ « 4 7 PaLoJI 0 U 3 JXL ogg-JI (joolg— i*l ^ no t>>g t g I <3 1 • 

oi> £i>g oi> ^c5gl j (JL < 3- 2 ^ ^Ig 4ul 44 og-Ldl j-o J-cLiiJI oljg_So 

. olojj^l D40> jo 4_iJL> olgllg 

gOJO-^ A x \ q r ^J) dLljlJ^I lot L_jlj_ 5 l 5 JlJ I OLu-UlJI J_x_>gJLi| L_ 9 gj_lb jg_S J A _9 • 

jl j-o O^LJIg . I g ^M^JI \Q ^ 4 ) I <1 r jo ^ 4 L-ULOJ P ( Jgl4JI J Iq-S-L-V-U I g 

f 

. JjLj»-jjd) <ij-<3_c ?Lu) fjjl-i J) ^ j5-<3_2-0 J4: 

^9_ JOg ^ 1 £ Jg JO_>JJg < Jg4ot| jo ^43 d jJLc 4 JL 1 J 3 -Q Jlo-24 jjjI ^ 1 £ • 

f 

Jto-24 JJjI A > Cg « 4_J jl_2_Jl Jg4^l ^1 ^-^j4 ^ ^g^l ( jjl_94JI ^ 4 ^ lolg 0_Llg_9 Jq-SJL-JlJJlj 

. J cl Q \ tl ol jg_So ^ 2J plj >j j 4 4 oJI_2JI OL-ligoJIg J_Jj_5l5JlJI J_x_>jJlJI 
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pi LjI ol_>t— ujlJJ jjg ‘N 3 g pj-J-l jLIijLjI ^1 ^J^J OOO 4 _JLLAj 9 ALU9JI ^L-lig-^JIg 

DNA pLAj 0 

jj S_£ d,\ rt>g ^ *S II J j) ^ i ; la 'i t dJj_>tJLj X9 ^ a ; j j) J w-^i 9 - 

: “AvA 09 -^ O 1 

f 

j5 SLj .La ill) jl j-o aJaLJI |^jlj IaJ JjLo J *\ nu j ^1 a_jl_> J ‘N \\) ) juiJ-1 jj Sj ^a_c • 

^^1 ^-Jl jjj Sj 4 J <3 r Jl qJL^I J o _La ujlJJ Jljuj 000JI pLljI j^-Lc- Log 4 c 

Pjj)o_JL ^^1 ^_J) j_< 3_2_J j -La UJlJJ L_jl_> UJLJ J oLSUI UjJ \ JJ dJjju dJiJ . iuLJ) 



j < 2 _J-( J jjjlJLj I Jj^-jlJI -^-t-oJ-jj-SXl JLc-SJi—iJj! jJj _0 4 v^U- CjXL> u 7^3 • Oj— sjjL-O 

. L^bX O* 

0.2 - 0.1 J_o_ 2 j uiJLi . ».t l DNA DjI — J j L_jlj UJL.I) jj SLj jl j SLg • 

f 

j — O 4 ^j )l — ujljLO CjLc^ JLq_ 2 _LjjjI J Q ^lj jLjjjl- I I jiAj-C j _-0 |^-L -0 1 J-5U ^Ij-C jj_SL}Lo 

. AojjJl O I_< 3 _SJJ 1 5 J I pUlil 

f 

. L-i—LulgjJI l 7 _Lc ^ 59 -^: ^ 4-L-^jJ jIjJLI ^jj-^jJ) jl j_-o a_^LlI1 • 

jJ^J q II oLjj) 9 I |^j_>JJI oLjj) J_Lo DNA olojot j 4 V>i \ IjJll oLljLj^jfJI jj_>j • 

^UoLsj dLJiJ <j tfil J* DNA pLo ^ ; u m jl j_5Lr 9 (Gel shift effect) 4 jl£jj> ^ 

< ^-Li II I C J^(_ ) ^ Jpl QJ 10 DA l ^ 65 Djlj > 4_>jA^J SDS j^o /I J 9 _l_>t_^ pUiil 

4 ^cl UJLJ 4 L 0 L 2 JII QA . ^^1 ^_J| ^ I c J_<j_$- 4 _JjLsJI jJj-LaJL I ^ i Q DNA J kA a 2$ 

4 j§_SLo DNA oLijj^ I^Ljj) ^1 (^^-11 ^ ^ \^MJI oLL^jJI j-o I >jlII ^ I v^jl 

. ^M^JI ^ dJ^JLil I g \ *\ r ^ )-lj> °Lij)-^ 

luL>i_ujl-o 9 I 4_9j_>iJU) ^j_> La /» pLLa_cI ^Jl (^ 5 -^ 9 -j ^aLqjlII ^ ^jJLsJI 4Ll^III ^I^JI • 

j c DNA ol i^j-> J o') 9 I J 5 _>i_SUI j J— ujL-sJIg l— ljl-jjj jjlJ L ^lJLsj dU-Ll < 

f ? 

. TE Pjjh ( J_J_ 2 jJl ^ « J 0 II DA^< 3 _cl JLj-S-LjjjLj ^M-O^l 

J-cUjlI) 12 

f 

ol J o H JL< 3 _ 2 _j[ jjjI j_ C I 4 .L) jj SLj lLUj^ JaiLiaJI l a Qq~ > j) jL_>^| j 2 a_ 2 _j J ^ ^ 

f f 

Dj ^->1 J- 4 - 2 J ujlj < 4 iLo^l ^jl jlJ- 4 -S_I 4 \\\ Q ') jl 4-1 J_< 3 _ 2 _L_ujlj (-Li . l -Q gj L^ II 4 _^Ll.>^ 

c t c 

4 — fj^^l O^^l — >1 ^ J — Q^l — Lc Djlj__i-I luL>jJ^ ^j_ujlJI -L-UJlj jl j <T 4 <3 h >^p 

. laLq^JII ^_u> 6 _uAjLI 

A JL o I II ol J_< 3 _sJ 4 ujLujl_> j^ Sj DA dNTPs lLL *S Q Jg 02 L) LJU ujlJI j^-SL) A_9 ^1 

f 

« jlo^^l ol J-O-C I La_> oLojj^I jj Sj . DAJA> J \ ; 1 l‘ I T,’\ I . jl /j iXI J 
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g) 0 A^_jAO- J dl^O J Lo_ 2 _Ljjj I , \ \ Cg I^J^Lol 4-> vog J_dL^I 0 Jg_> j -0 A^Ld) lIJJ-LJ 

f 

jj j_jgoJ £uoLij_} J L< 3 _ 2 _Ljjj ) 5 L^jlo-^Lso j_-o A_^l_dl 4 _j)o P^Ld) j-o aajao* a_o>g 

. ^o^Log £ 0 _>t_i 0 

£T_Jl SJ DA j3j^ DNA ^il C Ll)l L_l11I q <S> (J-cl <3 ~i Tl M c i i i nt jj S_) A_9 

dJ UALI "’ I J ; a ■ .lull DNA l I 0 r 9 ) * 4 a >^o £aLt JLq ? 1 \\) L 



QjJ g *\ 1 1 ,\ 7 ) Lo J-S 1 nt <0 0 

J Lo 4 ol lsjIj-lJ OjJg Sdl J cLo ^Lilg } J-O-2-ji m3 Loo LC J \Q L J_^l_jldJ 0 AO> 

f 

: L^-j L -jjj 1 jg S j oog < oLdl^dl ajaJ> gl ojg-LSLlI 



PCR J_cLij JLo_2JLjjj 1 gl 4Jg 1 tl , \ \ 7 9 ilLtidg « ^LI_o_2JLjl5JlJ11 oIajJ^I 4_9j ^oLiid • 

JUpzooj^ J \^a ) Site-directed mutagenesis ^ ^ 9 -JLl ^ q Lai t l oLJLq-c pljo>X 

. pLLa_>^1 4 -Ll-Lq oLpXI j^o L,k Pfu J-Lo pLLa_>^1 4 -L-L 9 oLjjj 

U 4_»_jl5jlJlJ L (jg_>l ^ j-Sj Lo_5^ ) jg_5 j ^^odlg DNA £Ago g^-^o ^Loos^I • 

I ol jjJgjdol o 50 ^ >*_£: J cLl -Lo_x LL jolj_cgjl 3 1 — 0.01 ^a * ojM * tl DNA 

♦ J_cl q \ tl -Lo_J_> jjlJ^j-SLLo 50/ plj-c^j-SLLo 1 0. 1 jg_5Li_9gDNA 

jg SL Pfu ^j_J >j JLo_ 2 J jjjI a ; r ^|j < 3 _Q < 4 dl_Lo j* C J cLi-lil i Qgg Ia jg Sj AO • 

ol — <j_j^l Ay — o to <i — Ld-g < Jg-o ^Lo 2 MgS0 4 ^g \ \w \ ? tl ^ALol j * 5g _ ij po d I vo 9 ^ I 



• MgCl 2 0-0 J 9-0 ^,-U 1 .5 

ogl ujulo j— x_S^IjJlj jg Sj jl oIoj*^*±JI J < q dNTP oLg-Sba jjlgJ ^oc • 

L_jl 5 JJU ^ (jjl^ 1JI9 ^9! UJUlJI jl I o-^ < ^H9 Sdl J cLij ^ I k> J 50 -$^ ^(9 

. J_>oLU j -0 AJyJ 0I0J9 < I %.oJI 

f f 

jjlo^jI ) 360 a 0-9JII JI9 Lo^l J_o 7 \ w\ 1 Lo5>9 * <Ll> \w q \ dl ^9-^ a 7 u^l jo 00 • 

L^A i-2-9 jJLo^jl 3 3 12- 254 j_50_9^I 0 I 0 - 9 JII j L q-SJLjjj I a ; r q t |Oj_LI g-Lo Q a ; r 

. j-OjJ) j -0 ^yl^jJI jg-L-v.vO) ^1 I ^ 7 to 9 OC i^j-d-l gl ^olgotl j 2 ajj_ 2 J jaaL 

f 

|^J_L_J 4_>t_jL_>t — JO ^(9 — d) A — A — ) L r jl j — O O^Ldl -^IjO Lp, \ \ c • 

. oLdlgjdl Aja 2 - 4_>t_JO DjLjJ j-dojj_5Jjdl 

f 

jgjJLj^l j-U Jgoi-I ^g^L P^jlg-dl jl O^Ldl RNAc-dlgoJ P^jlg-J 



DNase I j L q-s-loj L odljL LiJJjg gDNA |<ouo j^o jo_L>tjdl ^o jg ^ ^CVIg 

ol L)-$: og Ldl ^1 jj jjju a 9 ool joj >jg ^ to ^ IL> ^g . RNases j-o ^LLI 

. ^ \w S' 7 tl ^ojodL po^dl J-»-s DNase I —3 ^ n^q $ > dlJAd gDNA 
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-LSJI 



QjJo -S II J_cLaJ o^Lg-SJL 

^ j_jj ujl-sJI jj iJl ^9 ^gA^ll jg g j») j-C j a \\>1 ^iJl jU>^1 OjJg_5LJ) o^LcLij a^jzJ 



4 lo 
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jjju 4 _ 2 , 






L 



^_jg_5L] ^Lcj-jjju Oj_ 



(jt -^9 JU^ 

J. — jjjlg ^4^0 J-<3-2 JLjjjlj jl j-SL^g < L^-<3 -jl-> 1 aIjJJ g-L^ Q tl jLjL>) ^ 4Jgj-0 olig Lo A^_> ^1 

jjl i^LX) ^ I )a ^g 4 ^-Ll 3^Q jjl J^l-O j— Og 4-u-^J jhl-C gl 4 -a-^J lIjljL^ plg_sjj 



DNA^L^o j-o 



dilLJ « 4 i_o DNA 3tJi jjj) t » ? ^ j J^_x_>^0 4Jg_9A^0 gl J ^ 1 4_LL>t-Lx3 DNA 

f 

^i> 4-u-ljJ-j-l oLlsjIjaJJ 4_o_j*\Lo ilLL^ g i— )l Q t \ lo 7 tl ^j-0 AJ A^_2_LJ 4-J g 1 A-LQ g 4_S_J Luj lIjl 



->_ \A> I 



Paleontology oLA) J l < ». l fd-c ijjjljjg Anthropology jLuiiXI Jg-^l JAo 

f 

j-0 VV r £-|_Lj^ ^ ^ I *C ^ jj r g 4 _ 2 _ L^_j) O^LcLulU O La2_j^ ) gJU j-Og 

f 

l_)L_lsj ^1 D,\ tg i AjlJJj 4 t CgJ o)j ^jLqJlJ) lIjljL^ jig l-^_> Djj 7 \^» ol t <g *S j -0 Ul-uil 

: ol a t i lo ~)g LD X Lg-2-LjjJ 1 4 LuLfl-lJl OA_>g Lbj^-Cg 

DNA typing DNA oUj^ U » n ; 3 • 

J »_s > ^Lcj_jjju ^ 1 1 v^j g < ^ jl v^VI ^iJL> ^Ljj_^_^I pL_>^) j_c c ^ aIl-SLII • 

. qPCR 4_^_jj_L^ J L<3_2 _ljjj I ^ L<j_S^ Viral load J_<3_^l aj jg ^ ^ 

L 7 ^ jzji uju 4 da PCR mutagenesis 4 11 j^_^-La_l 11 4 * I o c. • 

Djj^-SUI oM_cLij pLij) 0 Ij_^2_La_II J-4-C j-SL^g . Promoters c_ >) a^ q 1 ) L-^JLib^ ^ I n l-Qj-sjJI 

: L4JL0 (J>-^ DA^2_) 

f 

lLUj J-Lo pLLa_>I ^H9“^ 0 ^J-^ J L<3_2JLjjj I ,^-Lc. aLqJLC^L j5_SL)^ U1 7 tl 

j < /; a \ $ , 3 3 '- 5 ' Exonuclease activity ^_JL_>t 4 tl U- L^. 

(J^J — (^7 — Lc A^JL2_J jL-I->lg . \^I 7 II ^ 4-AJI9 \\\ c olj Q lo L;r lc 

^ l_^2 Ll^- ^ II LjjLi 4 _ 9 ^ mil CjU^I j-xQ y\ \ ^ II j^l DjJg II J_cLij plj->j j-0 

rt w )jj L;r ^JI oU^I jj^l 9 . L^jJ jg Processivity 4 JH ^;I I l^LU_c 9 djI^^U I $ 2 $ : 1 

Taq ^jjI 9^ JLil ^ 

^aJI Mn j_jlJL2JlJU j 1^94 ujlJLsJII (J9^l JIa^jJLjjj) J_Lo J^A_jL_Lil oLjg_SL<r L t r M 7 tl j *C rf^ • 

f 

. DjJg II 0U3JI j2a_2_) pLLa_>I j_xO Ajj_) 

c 

^^jljg II -I^lj l-II J fJ-^9 -^9 I9— L) > A^_JAJ>g DA^gJI J-»-S 4 _jj|jgJI j^aIj-O^I qs~\ \ St_uiJ • 

. DJj^iil l^LLajJI JL<3_2_LjjjLj 






JJj_) 0)j_J 



Lsj 
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cA-C- jl J-cU-lII ^Jl^i JLo-i jLjjjL 4J9. J_SU 1 4 A <g c J \ g 



f- 

. J_lj I_iaj I ^ I LMJ-I j Lo-S-i—uj L |<j_ij ^i 'iA I *\ H i A <jl j si jj ^ a 

jg Sj DNA fingerprinting <dL^il j 9 J) a-q ^,11 jL^ ^LJ-I JLil J-g ■ ur> • 

f 

. 1 < ^-iH) J_Lo 4-x_<g \\\ > Jj)^_jjj ^1 Dj 7 \\) J_Lo 4 -Ll-Lq j-jl^1j.jlJ 1 ^ t Q 4_Jj^l 

OjhlC^ \1l-uJ 1 O-^-cL L^O-U ^1 l.J) ^^JljlJ- 1 j-0 ^ ^ Q jl a2aJ • 

♦ pLjL_>^l j-0 

f 

^1 ^1 lQA o1j_j2_La J_Lo < pL_>^l j -0 Oj^-C^ jl—SJJLJ^l o)j_j2_LaJ1 i ^ ^ ^ * 

. Jj-dJl 4_9 j_ 2-0 j -0 lLUj^ 

^"M_C 4_2_J Li-0 • 



jl Lj ni 



J-^9-^ 



. Molecular phylogeny ^jJ-l ^LaJja • 

_9j ^1 S_£- ^Aj II jl £.jj_U d_L)UJI J4-L. d Jj g ^1 pLi_>XI d_Uj|j-^J <d Hjj La II ^_q_!JJU • 

. 9_qjJJ 

. tjug I 4-1 . ~ il il t>< 1 1 d_og| h og ■ \>ilj aXS ( j_c Ij "ill d_j_>a -,_S_ilJII luI i i 4-1 aja^- * 



d_j ; 9 _ LajlJI oLsM-sJI 4 sa) lj j sJ Ancient DNA ibjJXI jriLuJ) JJj- ^ J_q_ 2 _ 



? f f 

. jj_>) ^La— ujIjJ jr) a >• j-0 Dj-Q^JlII ijjtf) ^jLqJlJL I /j 7 ij I h r lLUj^ pL_>^l j^_LaJ ^L9j_2-0^ 

D-L_ 2 _J 4 lor) <3 >^Q 4^>t_JJJU^ 4_Jj ^ Jl ^_5 |j_j1jlJ| j _-0 DNA oLLj_> J_J_£- j _-0 4_^_Jj lo t| t"' i ^ • 



4-L-Li £jLr j -0 4_L0 Djj ) ^ oLuj^ -N ^ > DNA oUjj^>- 0 LJI 3 J AJ-li ^ da^cL 



. ^L>i_5l 5JU^| ^iU* j-0 oLljlJ-| Jj-C 
. ^ULLl3^o (j2aIj_C^ oLjjl-^I pLjlj 

DNA ^ oL^XL £_LaJl!) ^LjjLSLo] 






DjJ^-SU) J-cL&J JLg 7 T uj Cj) J 4u->w0 

(^-j II 5 ^H 9 SHI o^LcI a3 I ^_j lJi s^iJlj ol Q v^lgJJ j -0 AjA^-sJI j^O 

c 

I £ \ fig I^JUpZ_LjjjI j -0 4^- ^_jHI LljJL) (j 2 a_ 2 _j lHLlJ^ jl ^1 O^Lq_ 2 JLjjj^I j -0 Aj-^_ 2 _LJ L^JlL^I 

^ DJ^ ^jHI DNA jjL^l -0 j _0 03 _LlU 4 \^j-C jr) *N j 4 ljLq LLLJ 4 J 3 < l-^-> (jU J- cLLiJI • 

j o 4 -x_<3_>uO jr) SJ jl J_<q_ 2 _JI j_^Lol C 4 _>b_>) lLU-LI O Ljjj 5 1 5 Lj \ Jl J_Lo j^JLjkJll 4 _LuJ 

. ^ I q a ~ m H ol^j^l^ luLaaaULI lLUa ^9 cj^_LlII 
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J JA1 J ^ Q 4_JLLd^ 4_xJI_C hc\ a K SJ A ^ Q i aI^J-BA-AL-I 1 DjJ^-SUl oLfjjj Dpl_i_^ • 

f 

3^1 Dpi oS> J rflJ J 9 Ld^I ^ lo Q II JL< 3 _ 2 A L5j| ,\ if DA_C.Li g I ji *N 3 — 2 ^1 

c 

j^l \ ^ A.C.I 5JJLJ ^jJ^I j-0 DAj^> ol tl <3 *N 4_il_Abj AljL^ jl^ J_LajLJ1 DjLjA ^ ^1 

^ -Li Ai.Lg -11 DA.& jLi ^5_<3_2JI ^Lcg < oLf)J^LI u Q \S\ \ tl j_<Q_2_JI j VA Q ^^9 4 -ui-sJI DA.& 
Dj^_»_5LJ1 J_LaJLI1 * ■>■ Gaj jLi 4 -jJLc^ . 4-i-A-Qj DjJ^_^ 4 JL I o £. ^1 4_>LU 4_JI_> ^ A.uiJ 
j_C 4 ^ S» ; ^ <dbj)j_> oL>jJ J L< 3 _ 2 JLasj 1 9 oIajJ^I j -0 LajJ_> J L< 3 _ 2 JLjlSJ L DjJ^-SUI 

f 

. djLlsJLI olpljA^I j_o Lb^-C^ p^ lo ) Q-LSt-yjLj^ u^JLil 
4 x_Lj L i d ^ 4 g lSLJ L_» uij 4 _» jjjLl-o li-LS* ^9 Sj dj_^_>^I^ jI^ U9 J_xJL^I • 

. Djj 7 \^i II oltfAiJU 

^ 4 jl_L < 3 _S_ I Li a.\ r o^l >^0 ^ 4 jlJljIjlJI JL< 3 _ 2 A jjjI AjaL jjjljI ( J_jl_ 2 _j j<i * Q ^ J • 

O j9 _^ ciilLJ . 4L*. jLJ>t_^ 2 DJ i ^ I I I 7 t l ) Aj- i t < 4_9j_2-0 ^ 1 " t ^ I ^ "LI a /> 

c 

^1 -Ld_lJj_J jl j ^ { 4 _<q _<3 jaJU ^jlg-JLi . 4-ui-sJI DA_<3> jLlDv^I 7 ) ^ A-AJjJaJI 

c 

^1 ) ^LlIL^ 4 >tJLO JHL-C j_^Lol ^1 J^d_lJjJ ^1 « oL>9-)j_-0 4 J 9 "N >0 I ^ 7 ) 

f 

J J o < J-il-Lq J n pLLd_cI ^1 ^Jg-LL^-O J^-C cil-LJ^I 1 ^ o JL ^IJLi^JLO J^-C ^gI^j 

. Li_>_ LUuQ J^LULI D-L.& j 2 d_ 2 _J 

J I r oLsjjIj-lJ) Air J-^LjjlII j 2 d_ 2 _J jjG D-i • 






4 L 






c Qj a I tl I o 4_>t_>Lj j^_Sj Lo IjdLj Dj^_>^I^ « oLJI^jJI -Lj-L^- JL^O 

: Ji-o L^Li-j 

4-jg I lo II l7 -& ligL^ IjI L 44-Q 4-dj-sJl 4 ? kLaJI oUp^L lo a 3 DjLcjo 

. -LJA-i- 4- x — L < J 7 ) P4- J I ^ 1 1 ^ I C ^.jl^jJl oLLj^_> (jj9 9^ ^ >t-> 4_Qj_2_-0O 

f 

I o IjjLj il 4_Ld ^GI^JlJI j-0 4 >t_L-0 JHL-C |^j-> J 9-^9 |^4^C j-0 -L^LJIo 

f 

^ jLj^j ^ (JjG-l |^j-> l_JL_d> jg SJ Lrj^ D-L_>l9 ^Loj-> J-cLi-lil ^JLIj 

DA ^ J < I 1 1 t DA jJLsJI DjJ^-S^ J_cLiJ JI_<3_2 JLjjjI g-i-G 4_JLM DAD « 0LJI9JLII 

J JL<3_2Jl jjjI ,\ 7 > 4 j^-LLa-O j4 C ^ lo ^ ^j3 ^— GdJ j) A-S-G— ujl- 1 I j-0 4ul il J-S^L ajl-II 

. D AA— j— S_ II DjJ^_^ AjJLlII D^-La-^I ^ 4_jl_L>Ij 

c 

C dNTPS (jAD»t jJJL ^9^1 4 3A>9 Q \ <0 a \v <9 a II AjJ^Lj G 9 * I ^9 t ; tl 4JI3I L-JL-^O 

4 jl_I— 0_S_^ P \ x II J »_9 4 <3_5^Lo c Aa-1aJlJ 4_i_L<3_S-J L^j- 4_C9 ^ A ) 3-^-3 ) j-0 j^AjLii^ 4_>^0 AA-ll 

jM -0 J qLj C 7 _Lc Aj 9 _L-La- 1 I 4_2_LaGJI 4 19 I ^ ^ (Jj-LaJI (j-09 ♦ 0LJI9AJI AjA^ 

. L^J Lo-S-Lao I ^ L^Ajl-AJlJ ^ L-^jj t ^19 
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^ lo 9 <3-9 d 7 lo Q tl L ^_L_C DNA ol_Ljj_> j-0 Oj-Sj-O ^iLr 4_Ljl^_jO 

^L_l^ d, \ cis L05 0/ 2 ^J) J-^jzJ ^j) £-I_l£- d, \ c 1—9 200 

. U^iTi l^JLjJI Dj^>.kl j-o Uj^ 9 Nanodrop J±^> hyg-J) 

Jl^ < OjJ^ SU) J cLaJ 4 jlJl-^J ol ^ jl * La 3 ^^9 jJ^ 3 j) j SL<r L^_c^ 

. J < a "\ \w llg ( J_jI_jjjlJ 1 ^^9 j-jg lo 7 tl oL 1 o r plj->j i~ * r ,\ 7 \ \> 1 
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9 

ajjj-SUi i~<M r I g 1 l y J Q d 



End point products J-cLll!) 4jL^j j-c . A >» < I I ^ ^Lsil ojjj-SJ) ollcLaj ^ 
A s] >» II 2 _Ljl!! J. <3 I fU^Jl J L< 3 _ 2 JLjjj L DjLc L^Jl-C c aajl-SLII ^jCj ^^JlJlg 

:L^Jl -0 Cj)jC _^1 j -0 J-CC 4_JjLsJl 0jJg_5J) 
j 2 a 2 c ^ J JdJ Cjl 9^ ^1 ^1 1 _£* J-cLLlil pL^Jjl CJZc I l 1 C Jg 4»1 |< 3 _Lj ^^cJl ^dbjJlo 

• pLI J oXULI 

. lc_> 4-Lag t ,0 jg *\ 1 ^ C.9 ,^ 7 -^) pg_>tcU i yu ( j-jcj-lJl ^^J-C 4^JL2J 4-^j j La tl Q 
. 4_9cJ) 4_l_9 ^1 j_>) ^1 ^ig_r j-0 Ojcl_2JLo 4 -jc 1 ^ i 1 1 ^GlgcJ) jg Sj O 

. I_>g_j 2 ag ( J_9 1 ^uSLuJlg ^ v>> ^ ^ ^Lcjj LujcU jg SjQ 

f 

. ^I_9j^L L^Jl-c j^-s-j ^ ^JLljJIo 



04 &g 



. 4 > <1 *\ 7\j LjLj 



4 _jgl ujuLo 



uJl ^ J_<3_2 JLjjjlJ 11 -LjL-Og^Jlo 

c 

09—^ O^*-! c^O 

. 1 ^ i I J j_jl-<3_jLI) l 1 7 \A^I ) 

Llj ^j_Lj j) 4 _jl_L< 3_2. JJ j_SL^ Xo 



• ^ 7 ^ 1 ’ Log-igl J_5 Ljjjlj ^pj j 1 4-jl.L<3-x-LJ j_SLr 

Ilg ol aajlJ> I JLo-SJi jjj) ^1 ^IcJ^g <4 j4c>^0 j^-C jg Sj <4_j_jCJJLJ 1 Q *^Ll-L>JlJ 1 ^^9 O 

a_9 DNA jj A- L_9j_Cg jCLcJJ j-0 J ^iJ) Og-bJl JjJl 4 _j2jI_9 4_jLl_C ^1 ^Ici 

c 

^1 4 jl_Lo_32_J ) Cjl >Ll_>) I fbj^-Cg l_)L lsj^I 04 ^_J g . J_jg_La Cjl 9g ^1 ^IcJS- L^j) 

. RT-PCR ^L&Jj-Lo CjJ_< 3 _ 2 JLjjj 1 clii-Lig j_>) JI_<3_2 JLjjj1 



(RT-PCR) Real-Time PCR ijVl Dpg_SJl 

f 

pLil ^_c>ccaJLl I CjL_L< 3_C j-0 Dj_SLJI) J_>)jJL 1 ^ ^ulgcJl j_C l \u *\ tl ,^-Lc ^La-L<j_ S _ 1 1 C^JLSJ 

I j C 4 jjb J ^ ^^9 l Q C I tl o) j{ 2J j_ C l ^ \\i tl 4 _Cjj lo tl D,\ t j <Tg J-clcLlil 

oljg-dl J-CC ^1 IjLlJLjjjI J-cLicil L^j Icj ,^-^- 1 ) DNA CjI_Ljj_> ^ jl o ^ L-jLyjog J-clcLlil 

olj 11 olj \\) r Jcdj j^- 2 J J j) J-jccii) ^l^jj_La j) j^-> ^ ♦ L^c j-o 

• o-^ 

jgj jg PCR j o ^g^l jig La^l ^ J cLicJl ol a-Sj-> <jul RT-PCR ^ ell Ij jg Scg 

L<3_^JljlJ Li^^l jg *\ ) liJ . ^LjjLsJI Dj J g ^ tl O^LcLij ^ C_>gJ ^ Cj)g_ 9 g oLog-L-S-T 

Cjl Qg tl ^^9 CjI jl o ^ tl J-C_^ 4 l_)I ^1 ^LjIgcJI ^JL-Jg L^c PgC-u-ll CjL_< 3_SLI) J-li RT-PCR jl g_& 

D ^-0 L^Jl-C l ^ *C tig |< 3 _xckc 2 aC Jlj ^ajlII aJ-c-c pLil Point in time j 3 < ■ ^iJI 



118 




,W C ^ulgjJl 4 o 9 ^iHI ^-^1—32—1 ) OjJg-SHl J_cLlJ ^ Lo_S^ ^LjI^JlJI CjLc^ AjAJ> (jAJuJg < 

. oljgoil j^o J-<3— 5 I 1 J ^iJlg J-cLliJI pL^jjI 

RT-PCR a a \jV\ * Sjj^-SUl J_cUj oLJl 

f 

CjI_2_i i^2i_I Jjjl iJI CjI 2_»_j) L7 _I_C d d-Jj_Ld_)l OJs (£ ^3 i £_£.) S*OI ( J-^->_UlJ d_d-)j-La d-oJ_2j 

J_^LO! k, U J) l_sI ao_j ^O-Il AjL-OgjJl J_<3 7 \ \\\ j j\S <4j1a_»J1 ^ . dLJjjL-Qg 4 vaL> 

c 

(JJLlJI ojLj ^1 DNA ^Pa q ojLj j) £jgj J-S^ 40 c L^j I ^ to j j-So ^GlgjJI ^g-Slj-Ljg 

^ AAJLjlJI J—O S^ JA-g-J £A_»J1 a ; ? Q 4 |_^_j £g A.i.1) £\_aajulJ) JA.C J-0 0jOjL_-0 4_9^I_C 4lJ )A_&g 

j— Sir ciiJi jg I ^ i r ooLl^HI j-SLr ^gJbJI oljLoj jg ^ Ia ^1 ^jgj-jjj 4 -Ll-Lq cu ljg -3 jLs 

. 4-jLb->Jll L-Qgj Pa tl C-lJv \r^A "\ t 1 Dpi *\ 4_9j_2-0 
Mi <3_s Pa a 9 Djjg_SUl j-o 4_LsoLP) DNA ol_>gjj_r J^Ljj^L j^a n^a >*jlo j^_c -^jL-ogjfJl j-SUg 

f 

j{ c ol jl_o_5LJ1 jjjlj (jg-5L) ^LJLg ^JIjlII ^ lHjLsjjlj ^^Ig-J) ol_>gjj_r Pa \ ij-j g_& 

j< 3 _Slj 3 J_A>t aajulJ Djg LijLO ol_g_» JOg ol aajl_>^ 0 |^lo3tJi aaj) ol 2_>ljJll AJZ_)g . £ 0 _>t. 



AO 



^ 4 9aJ 1 -U ji oj|g RT-PCR 4 ojJo jo oiS- ojLjj ^1 oj I ^U! ^l^J! 

lJi olg-SUIg PCR Djjg SHI (Jj L j o 00 J jlH* 0*1 >^o j-jg Paj ^LJLg . oL <3 SHI 

. DjgJ J S l7 9 j ^lj " A AAJLJ ol JL_0_SU) g |<J-JlJoJLlJ 0_>t-<3 AAJg 4_JO Li) JJLil 9 

jl ^-H-l ^ 4 il_2-0 4-L og J— 0 ^jljA^ j^gAj jl_^_> J L<3-gJ— UJ I 4 -jLLl 3J[| ^gj Pa tl ^ ^loj^lg 

J_JL_>t AAJLJ g Q-OOlAJLjLI 1 g AJ^jJI O^L> JoOlAJLJ jl j S<r oLjJJL^HI jOj-gJ 

. DNA 



S' 

_Og_0 g — I — 4-S^jlg — p^l ^1 j-OM-ig 



^y^l DjJg_SHI J_cLij jg_Sjg 

, (23 J£J,) /5?l 
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RT-PCR o^Uj : 23 J_CA 



I J d Q \ II )a i 11^ 4 \\\ Q ) d)ljj_SLo O^Lj J_cLcj luI^_Lc_> J <S \\i II g \/^^J 

l_<LcI jLacJI SLj^ d Cjl_9j j3 Sj O^LcI CjlJI j) P-S J) LC Ajgl—UJLLQ CjI i <3 *N ) 

j^ljJ lLljl-> j^O 4-0 -J^Lo J_cLijlJI L-S^j-lb lLUj^ Dj^J J_^ ^ l-Q,\ II 1 C I •> j il ^AjIjJ 

opl c_SU) Sj^ t ^ r I 4 JL> ^1 I ^ I ^ j_qaj J-cLicJI oL_Sj _>5 jI^JU ^j -^99 

I a A-jg jjj^I ^l>i_jlJlj oIj^-SIII J^cj J-cLLiJI jlj-xjA— ujLg ^j 9 j 1 0 r I ^ ~ /100 



4 L>jJU ^ 1a >^Lj I < 3 -^ Dj^J J ^ ^ LC Dj J 5 SHI L_C_cl_k 

p 

j| 2_J 4_<3-3t LAjlJI) jI^ l) o ♦ l_)L 5jj| D,\ 7 I Dpi Q ‘N tl <3 



jj ^ ^J^LllJL J-cLicil 
J_S^ xajlJ ) j_-o ajlIaJ^I 



J_S^ uu ^_LdL 



. ^L>llI^I d 5 _La 3 - pLjI Reassociation 

P / X P 

I 1-^ X-) ^ < 4_L>* mil |< 3 _jlAlJ 1 ^ ( ll)jj_SUJ ) ^jUjJI ^LjI^J IajJ^ 

.39 SjJl > ^1 J ^Ajg j a tl ^1 ^_J_>llII Jajl-o Plateau j^-Ld ,w c 

)a lj jg a > a i rg . ^jg-r J-SJ J-cl <3 'i II oLA^a>- IjibJ 4 _<LLl3u) .LaLLj Air 

End point J rl *-\ \ ^ ;r oLl-c-SJI a^_>aa£- j) d—oLsJI opg_dl J-cLjj oLuLi 

ol j9 ^Jl ^ 1 ) jljjJl j0 Ml a ; r oLajLl!) pi ^_>! ^jgj ^11 j-o jIA liJ . detection 
jjaI jujoJ <d_Lt ujg Lbj^-dgJu jJJ jg RT-PCR <3 (1 Jj-Ta A , I r AwCJLSJ Lo gAbg ( J_C I <LLJ \ ^j -4 Dj_C_LI 

p p 

^^Jl lil ^ J4-SL1 II ^ I C jI qJLC^L II P LjlJ I j-XjA— UJUQ J *\ \\\ ) jAiLil ~\ II |^_^|jJ 

p 

^jajl- > »I ft) o jAi_L>Li II ^LlIL^ < \ \ >L»yi ^u_9 jI^-lII . J^LicJI pLc^ ^J_>-Ij 

p ? 

jl 9 PjL-S-jg 4 I ^ II ^ J J a "\ II ^ |^_i5>^l 3-^9 Og-Ldl J -^-09 A-Llj ^ I^jLjIjLLjI 

p p 

jl^-Jll 4 _x_<3_^ ^1 j$ — 5AJU L 7 C — II 9 DjJ^-SJI Ajl-L< 3 -C pLljI l L - S - u - I j ( 5 -iJI ^ 3 -JbJ) J^A>t_yjLCj 

p p 

^1 J cl a \ II j 9 In 1 pLljI djLjJI 4_La_>^Lo j -0 ^Lil Dj_^_>^l jl _9 Iaj 5 Dj^j ,\ \ c 

. ^ ^ 4 ^ -LI CL_9^JI ^1 Aj|j CL-Q^JI ^ 
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9 

d ol jl_o_ 5LJ1 j_C Dj_SLs u lo 7 1 ^ ^jjLsJI OjJ^-SUI jl O^Lcl j_Sj L* ^ 7 jg 

_L 2 lJZ_lI j 3 Jig id J £g.^_JU L-Q,\ ’t \\\ 11 J^y^Sjj ^_L_C -^-O-L-SJ ^ £u)gjJ) 

i a\*\ aajlJL ) d-lj^ jgb>* RT-PCR ^ Cxir^ ^ ( Lo ^l) ^ ^ Q 1 & ^jl-SUI oLlJ-< 3 -sJ ^ * o ^ 

c 

J £. L 2 J ij| ^ lg lJI d-LoLa^og 4-J-L-2 _o ^1 ^LlS- X L^_jX <cLo_j^J_o ojg_>X) jj ^'p 

j_)l ajJI j c i _<2 ''’ *\ j jjl j_S_r JJ_$-g oLilil jl 0 a 7 "il l Uj 1 a f*~i ; ^ ~ H 



. OD^>lq DA r 



L^-» jL^ o*9 



RT-PCR pl^J 

f ~ 

KinGtiC J Lo oL_< 3 _Jl 5 JL^ OjJg_5LJ) J_cLlJ g) u Q \ Q 4-1 C_iL_9g_J I OjJg_S^ J_cLlJ l_9j_2_J 

g) DNA l_j J)g_s uju j-s c -ij-ii ^1 l_q ,\ ^ ~) I ^ 1 *Ng < RT-qPCR ♦ qRT-PCR < qPCR < PCR 

f 

J_cLij ^ ^jJLlJI oljLjij J_jl^>s_jjjlj ^ I c. C7 ^Jl 3 Djj^-SUl J_cLij c qa q 7 will cDNA 

J_^_ 2 _Ljjjlj jl j_SL rg J-cLLlil JLgJL^I ^1 Ojgd J_5LJ OjJg_5LJ) O^LcLij j_xQ j \m ‘si g) »^_>)g 

: LiUiJ »^j>gjg . L^j pg-^-\_U ld L_o_5LJ I 

Probe-based method oLuil da-q. i v 1.1 <S /> lj t-A II * 
Intercalator dyes - based rnethod^.GLi-1 l—)I 7 t ^ 1 C D-LxjJ-S-ll lo tl • 

c 

J ^ ^JJLlJ) J^LJ>t— UJL-lJ dLjJJ LjJLJ> o1j-L-oL^ 5 idLj^ L>- °b9 J jl JL, ^>k : ^9 

j \2z U-l c^JgJI ^g . ojjg-SJ) J-cLii j-o ojd^o oljjLi _glc (96 Well plate) 

: uj-^g RT-PCR jLi-^ d_Ljl _x-o_j_^ g) oL-LaJ 



. TaqMan CJ L\.U_>wQ " 
. Molecular Beacons <* Tl ■ 

. Scorpions a . ^ ^ I I oUil ■ 
. SYBR green ^g^Vi^LaJI ■ 

f f 

^gXI II . ^gJI lJI oljl sjjj D-JgJ ( _ 7 -j-JI ^GlgjJI (j_£. t g w *S II D_<jJLaJ Ia II DDyjfc 

Fluorescence (Foster) Resonance Energy Transfer ^ !<- ^ o - I ^ go 

f f 

4-2-jl AgQ. Jig J-ILgJI 4_2_s ^ gl 0 ^XI i i_» ^ 2_^2D9 ^ jJLlJI oIjLg] ( FRET ) 

^ul—uikl j|g_LI v Oligonucleotides ^l.la ,-,K .i j.Kj.i ^^Lc. Quenching d-^gJU 

f 

2 ^ lo 7 ~) ^ ^ Q SYBR 4_2_» ^ JL<3_2Jl ljjI ^ I idUijj lo tl Lol . J-cLi-lJl 

c c t c 

di >5JjJll DNA idLL^j \\) L I $ ULjj) ,\ \ c I $ a tb -^1-^9 ^ oo ^ Lo \ < r ^JLJI 

. QjJr) tl J_cLij ,\ir Jjjj ,^1-11 
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TaqMan ^ I • 

5' - 4_JLu (24 J5_i) JLJI AIL ry _5^5_-0 3 & I <3-^ 4 — flJj-L lJI 4 — cJLSj 

. J-cLiiJ) ^ J-<j-2JL-yJll ojjj-SJI fj Si Exonuclease activity 




La ■ j j 4 uj ' ~ ’I v * ~’J ■ I jl j ]| jj_4 J i I Q i \ r 

^ 9 « Reporter dye 4 _S_) niJ 



j-4 j9-^-U jl J ^ J1 j^o g ^ jg 

e 

I 4 9 I <L_4_JLl4 <3 V I !*£} ( JH 5 1 djL^jJL 



. Quenching 44^4_>^4 d ? ' 4_La_i_ij_4 3 t Qj t~> tl 



122 



DNA j O OJA J}-Lol L -0 ^1 lo < lj— )g J oLSjLj LLj jl_£: 4_<3_<3 5^-0 $J J_Lo_iLJl D-Lj 1 > 5 

e f 

pLjI 5 . ( JJLlU OjLsaJ ^1 j_^_LhJ ^ ^ j J 1 7 r VI 4 JLU ^ < DjJ^-SUI J_cLij ^Gl^J ^1 1 Qa ^ I iiJL-11 
^0 SLj ^aJI ^JUJ) J^3_Jj_sjjlJ 1 A a c I \>> /* DjJ^ SU1 ^j_J >j <2 j I qa ; J_cL2JlI1 

^1 La> jjj^I ^ 1 1 (5'- 3' Exonuclease) ^jj^I ^LJLaJ jLi ^uJI lo TaqMan 

f 

j-O aiLLJI JLflJjl ^LJLg 0^c3t_ll 4 2 ■ tl j_C d 0 1LJLI d ? . !l \ r 1 , 'i ^ I 

LLo-lcI d j9 o J_£ ^ jJLlJI ^JU . FRET ^L^l jl < 4 jL±J! ^1 A v \ II 
Taq oLjjl->^o ^ . lja aaa_aaa3glo SLj J_cLijlII j) ^ 1a^3>^ « ^JLilll (j^^l ^ jl o ^ 

^LUI L-Qgj tl aja^gJ (, * rM-dl j_-o J-x-LaJI ^Ll^* ^JL_>g f*gJ^Lo J *n \u ) *l< 3_<3 II Man 
0,\ C |<^jl_<3_L-2lJ dj^c Multiplex f-W ojJ^-SJI cALcLu y J_d. I j-SL Cq < ( 4- b -O^l) 

f 

4 &Jj_LoJ) ^ I £. L— ljl-S-J Lo 3 . 1 Q l \ f^y I A^_>)^ 1 Qa ^ 1 I Q ; O PfObeS oI_Jl5JL_^0 

. 4_iJ_SLo L^jI 



SYBR Green j ^Vl j-uL^j dij^L • 

25 J ‘n \w tl ^ ^lg_jj_LaJI 
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^gI^ 1 4^_J l_*2 \\\ 1 t 4_x LSJ I_Jl5JL_>5 IjI J^IjLq) I to \\\ )1 4 h )j V^i II j_9^J 

c 

4_2_» j^Jl j) ,^-Lc. 4 4 j>j Pa tl 4^-L-SJg . ^ a t <3 4») Cjl-9^_J1 ^ ^1 pLlj) DjJ^-SU) J_cLlJ 

t 4 > 5 jjJll DNA 4_L^j_jjj1 ^1 J^jjijj LiJIj ^-La-gj ^ Sj I a \ ; r 

f / ~ X f 

< l-II A ; r I ^ UJIj ^ Ia ? 7 1 ( Aj <tl J_cLij ^Gl^J 4.JLU D-Lj3> ^9 l7-^9 ) 

f 

. ( jJLl !1 J-d q \ tl ^gI^j llU-LJ^ 

? f 

(jl jl_>^1 (j^ 2_J £* 4 9 4-G—UJ LjIj-0 4 Q )j Ia I t ^jLs D^Lcl Oj^-S^LJJ 4J— mjil LljJU (J-jLiLo^ 

f 

I ^ \ q Lr J-cLgJI to » 1 >- ^ DNA ^1 J^-GjJ 4 ? » va ILq L^J Lj-s-lj m 1 

4 * IaI % djLj ^1 L<* 4 ^ \^a 7 t I j-4_c J-cLgJ1 ^gI^J lLU-^-S^ luL>5Jj-o 

( J_G5 _lI J jl_L>gJ1 4 2_jLlo^ 4 l_Lol ^1 ^1 1 _£* lLU^J < t Qa 7 mil DNA Dp)j_9 

f 

l<3_x_<] m*_Lj j Monoplex 4 _jjL>^1 djJ^-SU) o^LcLij 4ljLq ^^_<3 _2J1 ^ I ^ ^ . ^jLljlJ) 

. 1 jl> J_5L_mj J_<3_2J 4 Pa tl jLi D!jl> 



oLjjixo j L<3-S4 — uj 1 4_>_mj 4 4 i j Ia 1 oL_jjjLjjj) MolOClll^T B68C0I1S 4 * * jj -^1 oIjmLjJLI • 

i<3-x3r 7 tig ( q c I va ^ 1 1 oL_L<3_c pLjI Lc-jl_Ll5j ^ q \ } jl n^> j (j-SU 3 T a q M a n 

: 26 J_5L_m_Jl ^ 4_>t_G45^0 4 -Gjj Pa tl . l-Q,\ tl ^1 




Molecular Beacons 4 ^j jJ>l ol^^Il : 26 J 1 ^ 
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\ IjJ . A_c)^_iL]) o^j-c ^^-Lc ^ 59 -^: <■ ^ * ^j-5 J *\ \\\ > j^-SLj (J^l-^Ls 

J 5 — L>wO 9 I 4 nl ^ lj_>* j^-SLj Lo,\ ; r g LlJ) ^1 DA_<J-3tJU 47; vn llg ^LlsjlJI ^1 

^5 ( FRET J,_ _5^_> ^1 ) ( jJI 3 ^ ^ ^ s) jjjLJ ^ (jjJLS-i ^ 1 1 Q-u ^LLd) jl_9 J_cUjlI1 

J OJ J ^ ^ jLl-S-; J^Jl A ^ 7 i 3 (1 Q \ ^ tl) DNA ^ 1^>J \\J g^Q 4_L>)JJ j >t-^-LJ I A \ ; r 

f 

. L^ 5JjL_9 (j <T oljl jjjj 4L_j) ^ I C J-J>t 5JJU ^.LJI ^gJLJl j^Lc^l 4 V ; \^A ^II^LLQ 4_sl I t 

j_^Q 4 <3 II >uQ g_Li Q j L<3 -S-L-UJ Lj DJ-^-S— L-U ^ V\ tl O^LcLij ^ DjJ^-SUl J_<3_2 JLjjjlj j) j_SL Cq 

J-L^ j<3_x_o J^lJ 4 jl I o Sjg * DjJ^-SUl J_cLlJ ( j5_L> t ^ D CjLjjjl-^1 

. 4-JLi-l O.L<i> ^ 4 d 1 ‘N ,Q oLjjl^I O-Lfc 

Scorpion probes ^ » t l oL^I 

f 

: 27 J *S ni tl g vAg^Q L<3_5g D^LcI j_Sj Li 4ul— \luQ oLujl->^ 0 J_<3 7 7 nil aJLLI D4^5> ^ 





4 -jlJ j-^-JZ-i 1 oLm. il : 27 



125 




5' ^1 (a^Jldl) i ? \ \^a Jd_jgJ jl— ^ 1 ^ * Qg ogg_c ^j-Lc oLjjl -^1 jg_$Jg 

f 

ji_JI ^LJI iJLU jGl^J J_^ -O ^JlgJ ,^-l-C- l-Qj Pa Tig < 3' L_9g_Id l 7 _I_C >fcJLl^ 

L;r lc IjjLs g | vaj j-o ^LJI iJL^j -^-7-jg . p^jLJI ^ 4 \^a \^a >tjLo oLJIgj ^J) J^_»Jj_j 

jI 2 _Lj jg il Dgj C £\Ji 9 ^J) ^Jg—J li <3>g £jl lJ ) ^ 4 jM_<j *\ ,Q J— ^ JdLjg^l 

f f 

j SL 4 * U, \ i C g j| <j__>^l 4 JI 7 9 j C I, \ i 7 ) ^gJLJI Ia_jlJ ^LJLg I ^ \^A 7 ) j_C dJ I 7 t \^A II 

. aJfLJ) ( jJLJI bj Ljjj J_d>t_5jjLj 

^ \\\ ^ 7 t l Sjjg ^ II \w i J_cLij 3 (^y^I Djjg_SJl J_cUj ^j-u ^LjlIX! 

4 arjd L; ^_fc (rt-PCR) Reverse transcriptase PCR u s u^T l spgJJt JdUj j) 

J cLij jl Ug jj— u-sjJI dJ>- oLljlJ-I AjdJ> ^1 mRNA ol_Ljj_> |^_x_>tdd^jJ Dj_jjjLl -0 g^-C 

JL< 3 _ 2 Ji jjjL I 3 g_»j j_L^n cDNA ^Jl j I \ )iJ DNA pn * ^ I £. j_SdljLj 2 J DjJg_SJI 

^gj_ Jd ^J) l!jl_>Ll_>) LiUiJ ld_> 4 — Ll- 1_9 mRNA oL<J jg Sj SjLcg . ^ m *C 7 tl ^_jjjljJ) ol_<jjj 
j^o 4 _j I i) . j>> ? JI a ; r ^^jLjJ^I pL> Llj 2 > j-og RgsI Time - PCR J_Lo Lb-iJd_>dJ 4 _jjjLjl 5 jl_> 
j{ c jg 5 j 4 ojj To tl j__SJg 4 _jjLc PCR (Jj L^j 4JLq_2Jl Lulg cDNA ^^-Lc Jg va Tl j_SJJll 

j^ lJi \\) *\ tl j — 0 4 Jl^jJI d)lg Idjtl J_<j_ 2 d idj) , \ <i ^ggJI jl 5JJ j£,\ 7 t 4 jjjI_jjjl_> 

. DJgd_>di jg_Sj djL-OggJI J L< 3 -Sj— uj I 4-jl-JJJ LjjlL_>- 

RT-PCR ^ ^jI^-iJI ol_>^Jj^O JdLm-0 

c 

g_^ I — qS J-S^Ll J I j_o ^ RT-PCR 4 1 a \ a T| J_cl a \ tl ^->lg-> 4 a j-La 

-d< 3 _£j Dg^_>^l 4_ dJj Pa tl ^g . ^j|g_J) Lul_>gJj _-0 jg SJ L^JL-Og 4 _jjI_2-JI J-cLlJI JgJ^ ^ JLil 

ol >gjj-o jl s RT-PCR 4 ^g-I^ I ol . 1^ lc L-b Jjl-SU ^ jI j j SJI J_x_>jjJ) ^jLlj 

J— O Jl i) g & I < 3 -^ g I va I oLjL>tJL -0 JjJ_^g J L< 3 -SJL-UJ L jg *N g I t C i <? \\i _SU)g ^jlg-JI 

. 4 _>gjgJI DNA 4 log-jjj| ^ gLlii-MJ xiljLiJ) SYBR Green I 4 7 t \^a JLo_ 2 _L_ujI 
jjl i-o d ‘ P-ilg Qjj ^ oL>gjj_o 

j| <qjlc^L I ^g-xd’g I ^ i £. c ^ Jjl-SJI j-SJ* ^LJLg « Jg_LJ jg_Sj ,^-jJI 4 qa ^ 7 m II oLJIg_JL 

( LightCycler) ^uolgJI d_>) ol_>g_>^o j-o 4 ->t-^gJlgl^ n^a^I oL-dxjL^o j-o L^-jI q ^^-Lc 

. 28 J_SJ]jJI 4 _Ll<JJ d*M_cI Dgg_^iJI <3 V i v^l) J-q St i \\) j ^5-iJI 
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oLlJA>*Jl -0 : 28 J-SL 



AJJ 



»J) ol j3 Sj J^l 5AL-05 4 j jLs-J) DjJ^ SU) J cLo a &jj V\ ) Jl il 5 I 



. L^_jLjjj dj^-^aJJ Jj-LaJL Llj 3 > ^lJLsj 



-I 



*9 



11 DNA oLql AjaJ>* 

f 

olj^O-ll ja_c ^^1 I 11 a > |< 3 _Lj 4 a >j II d,\ ^ ) luL_<j. AJ! AJA^- aLUr 

f f f 

Jj-N— > c 7 — -^-A- 9 I ^ jOj-LI -^-1 (>-> ^1 JjJbJI ojLal] j_c 

l_j ILiJl DNA ^ ujulJI >a r J — 0 LojjLlOo o) j 9 aJ 1 JA.C jj SL) Iaj 5 oIj^aJI JA.C JjIaLo 

(■ 

aJ-X 3 -SA-UL.il AjlI^jJ) ^ I £ OxjA-S-J DA_<3>9 oLl_<3_5L]) AjA_>*_l! A^_Jj_La jJlSI l!JIjA3> . £A 9 _< 3 JlJ) 

: 4_ol_C hjQ ' RT-PCR J_cLlJ jl_£j ^ 

j o dj^ 5 1 RNA j^oj ^aJI Reference curves a > ? oL^o JU ? » u J • 

4 a Qj_sl J _<3 7 \ ujlj^ « ol jjjLl^JI I £ i 1 C DJA>cO j_j^)jAj oLlJj-JJ 

. j_JL-SjA.lt a_Qjj_2_X^ jHL_C L-Q, \ II ol_Ljj_> 

Ij4 — j 3 — Sj j) j__SLr J J a II L^J 3 _j j) ^1 RNA oULjo* oLa_>iA-o J_< 3 _sajjjlj j) j-SLr 

DA jl A jQ Ol jLS Ol_ 9^_L! Dj A ^ /> j^_S J L^-LS-J LaQ oI^-Laa-^ 4 * * I ^ ; 1 1 £\JIaJlJ) j-jLsaU 

f 

jl j S jc )a > a a_jL_sj ol jl o SLjg L&j^ j^a^aj a^ajLaJl a^L-gJl a ; rj jL_>^l j>> ? > 

c 

L7 ^ ^^—>1 ol JL< 3 _ 2 Jl lsj) j <Tg < I ol jLljJ)^ ^\_jjjlJlJ) JAC Aj aJv ^ , \ C Laij 

: L 7-^9 a-jLJZ->jl) oLlI^aII 
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. 4 \ o \ II o 1 juuoj^LJl j-o dsDNA 4 loj— ol -1 

. 4_jlJ- 1 4 In )^1 ^jL>- Qj \^> ^1 cDNA ol_L>j_j> -s-j 
. <0-1 4 <g In >^1 Qj >^0 SSDNA djj-jlJJ 

DNA aja_>jlI 260 J^_Ld ^ ■ c \>> li . al ■ t-* 1 1 z>j_^_>| J ^ * ~ ^ 

jl j J_<3_2Ji ujJ. 1 <uJJ ^ Qjg I) L7 _l_c IjLjjlc) £_>0! j^c o-La>9 

. Housekeeping genes 4-obX) oLjl>- JUuz-i-^L ^g , a ll g_> vVi 
I ^.q j 3 n cr OI ^ U ;> ; t l l7 _ 1 i, 9 Threshold cycle(Ct) a_OLiJI ^ U ;» •■ I I • 

t 

4 In a \ tl ^ 4 oL_s jl SLo^L ^Lollil j_-o ^gI^JlJI j_-o lIu-s-l-lII ( jJLlII 

I 4_>t_j^^o L< 3 -^ . qPCR 4 ^ j ^1 4 n tl a a I oUOl J-J. \ 0 J 4_QJ j_C 4 tg aajl II 

( 29 JOIj) JiV) J ‘n \\\ 1 1 ^ 




30- 



25- 



20 - 



15- 

10 - 



75 80 

( J=^ 



oL>^Jj- 0 j-C 1 Q \\> *\ II : 29 J *\ \\) 



I £ 1 Q 4 -L< 3 _S-L- lxjl-II Dj In <i ui II oLlJL>_O 0 J -0 4_o)joJ) ^jLoJlJ 4JjLiJll ^ I C 403 JL 2 J 4 <3j>j In Ilg 

f 

L^jI Ujut 4 >oU- O^jl_ 2_-0 dlLu^ 4 * ^ tl 4L>t_jjJLj^l j _-0 RNA j _-0 3 I 4_Lo Ls _-0 j^-C ^ilo 

. 4-o|j^l oLljl_> ^ I £ jLcJLC^L) OjLc ^->_ LO Jj 

? f f 

4 <M-S-J ol jl_< 3 _SUI 0 _J 4 j> jl_9 jl O^Lc) LqJ-Lo^ 

j^__i 4 ii_jLj ^ 4 S^Lc dJI Ld> jl l^ 5 j_sJLI d . J_cLijLll j§-I^ 4 -L< 3 _SJ_ l.\jl- 1 I 4 In II ,^-Lc 

j C l _^2 \\\ *\ 1 RT-PCR 4 ^Jj_L 4 9 « Dj^J J ^ ^ 4 _<q 3» s*b-ij ol 11 <g ^ Ilg I^J P 50 JII ol 11 <3 ‘N II 
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LJI j$ SLj dLJi I Dpi Li) ol 3 LJI uii^ J cLdJl pLljI A-qa* 7 II jI^JLI 

f f 

j^ajU ,w c (J 9 -S 1 j j 5 _LdJI 1 a_d> ^ |<d>r ; II o Li LJI J-a-L>jJ Jdo^l j 9 -LJI ^ jajIj-J) 

f f 

1a ^ ^ q Djjl Jl t qI a I Lol . ajljLaJI l_q1a_&^LJ d>_ ulJ L ^ ^ U 9 aJLUl 

^ i <jjjb II 9 ) L 7 — Sjj-I <^4 II jl Q I J <j Cg . L^ LC 02 Jl *\ II ddL5l-oj oJ>- jg_$J j^-L-il 

djI cj j_SL II li (b djI (2-3 logs) 4 jdjLc^J olj^j 3—2 j-i j jg SLj 4 dj L 1 1 

c 

. ^ajIj-JI j 3 _LaJI ^ I ^ I *\ ^iLodJI J-J-£- j_SL lLl-iJv o) j 9 aJ) jA_cjJzJg oM-cLlJI 



RT-PCR oL2_ol_Laj 



: LIjJLI DAD j-Og L^A2 -jl_Jaj lA^L>^0 OlJZ_jjjlj1 dLJ-J OjhLjlJ DAl> Lj ) j O dd-j L II D,\ ^ I 

JhH * ^ il -A^Jg jl_£j> ^ L^_LC i d J'Nl lg ^ - Ji3t sAaJ) oLl-LqA d)gA_> jl • 

.aLjljl oI_2_oaJ 1 l_3 ^)Aj LlAIj oMaLlJI 

^ 4 dx_Qj 35 04 o ^ OjgJ 40 ^1 20 j O AU 1 j 9-D (J ^_2A Uli il o jg *\ J j_jg4JL_Il 0_Qg • 

f 

. ^g_j / ^ig-A* 500—200 j-o Uj_ij Lo j-o (J-^oLs-JIg 4 -JLs-^o j_SL Idjg < oj ^ ~>^l ? > 

f f 

. ^JLJI J_x_>t_sjjLj pLj| iLdLdo ^ q \ ") J-cLlJI 4 <i rgl j^ djLc og-LJI oa^ ^ • 
j_A5 J_xJ_9 JAC Jg_>g AAA. 4A_Sl<JI A_Cj_JjJL ^jAj 5 4_JI_C AAJj_LaJ| 4_jl_JJJ LlJJL_> jg SJ • 

. £OlJJLJ 10 J_jLO g-JAuJI 
. D^-J-^ olj^-SJ j^AJ^ DjLcJU aIjLq L^aJLj • 

C f f 

Ajlj^ jjjL> ^aoIj j jAd^ j__Sl-ol 1 * I Ia ELISA J do jj_>) ol Aii j-o L^_>^oj j_SLol * 

gJI ?>l ajIaj In Silico o^ojLJI L;r lc J 9 UI jLsJj 0 I 3 L i l J-oLsaJ Software 

. L-Lq-C dUi AAJ 

O^LcI d3 I ^4-9 J_<A 2 djJJLJ ,^-JI O^L^I ^ AjddJI j L q- 2 Aajj I j -0 OlA^Lo LjIjJLI DAD 5 

• A jAa_q) jlJ-l^ Jqaj j_SU^ ajjLsJI djJ^JI 
. ^-AjJ-I jHL-<— S— Jl JAO AjaJ> 0 

Viral load ol_jjj^j : AdII oLJ aja^ J-do ajLo^I j_c aJ-LJI jAdIj-o^I jApdij 0 

c 

. Ab^J^I ppLd^ AjdJ 0 

. DNA oldjJ. JooLM j : aoaJI ^a-o |j5jL_9 0 

. ^d-JL-Jl Lajl-QaJI 0 
. jLod>U ^^.ilj^JI jo_>i_dII 0 

♦ 4 ti Jl Dj L tl \\\ II o^L^o 0 

f 

. Array verifications oLig a ^ I I ^Jbj jAb 0 
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J cU_Jl j) ^ J-cLlUI ^gI^J ^<q_SljJ oLSj_> ^iljl-Cj JGLj j Io II jl_9 4-ol_C Dj^ vn )g 

f f 

^^-Lcl oIjLg^I ligL^ )j) llUj Lrj^ J-cLLiil j-o ^ 9 ^) ^ ^gI^jHI J^c^-jjjJ j^gjj 

♦ jL^-il idJ^>t_5L5JLJ ^iJl 4 ^jU j -0 

p 

d-o. 1 I m JLI bjrt+'X I 

f c 

j SUg 4 _jjI_ 2_J1 ojJg SHI oM_cLij jJLSl-o gl hy £ y\ 4 -oLc 0jg_s^ij RT-PCR jg Sj 

f f 

^_jl ^ ill pg tl 4 -Ll— uugg Fluorometers ( jJLl!) ^jAjL-GJ JJLsjjg j-o 4 _>^o 4 ^o 

f f 

. RT-PCR Dj_^_>l ^ ^ 34-0 |< 3 -^>l oAbg ^L-^JIg 1 q \X\ *\ tl JJLujg ^1 J-cLliJI pLcg ^ ^GLHIg 

c 

dJ±S 3 <lU -2_l jlU_LI 4_2_i_!^JI (jr J_C ^qJ-g-jg jj 1 ^ _'j ^ ,' (<3 jL> o!^Lcl j_Sj Lq_S^ £g_sLaJI jg_^_Ibg 

^1 J^j SYBR Green I ^ ^ i l 4_2_» 3^JI jl 0^1 cl j Sj I o_SLs . ^_x_j_LcJlJ I 4 CJj-L^ 

J-jjgJ L_9^lj_>)g ^ *1 Hj olj^-SJ j -0 I ; r ^y|_ 2 Jg (dsDNA) DNA j -0 4_>gJjJJ 4 l \viVI 

. jjJbJ) ojL) ^1 jiJI I g : > < \ h 
jjjulJI ^ ujl-uJI jhl-s-x I Ls 04 c J_o_sj mi 4 JLU o-L& ^g FRET ^yljJI ( J-jj_LcJI Lol 

^1 lc_Gj_J (ol 7 i tl) oLljjJ-l O-L&g < (pg tl) i— )LjgJg Q I I 4 t lo 7 llg 4-<J-LL-V.VL-1 I oU_)jC>JJ 



4_J V>> qVI lJ_a_> (j— O O I_2 _»_j*4_I 1 l_j (_>Jj I {< 3-^9 < 0jJg_SU) J_cLcj ^GlgJ gl ^j)g_»_Jl ^1 oLjjl-^I 

lHI gi> Sj jl j—Q^jJll j 09 . ^^->5-0 J9_L^ , \ \ c jj-S-dl ,\ir ^-jLliJI >JJ 

f ** f 

4_L^_jjjI^ J-^-s (j-o j^cjjlJj ^jJLlI) oljLjij jLs d^LcI j_S^i Lo_S^^ . dpLj2_SHI jj^Lglo oljjj_> 

f 

^j-o I c 1 (jg-SL) j) ^j- 4: i5-^9 d— lu L 1 I 1 JI ^ I c oljLij J *s \~\i u I r K-; I > i tf».'\ Ig J-ajJI 

. d-^fl-L-Ll gl 

f 

^Ll^9 i LlC_jc-o j9 SH ^^-ljlJI J_<3_2JI J-x-SLgLo^j^I j |<qjj jl RT-PCR 

Dj_^c>^l ^1 J_S 1 jjjlj |<3 JJ L^-LS^ ujuJI J-LX. l-jLjjjlH- 4 -a-jjj Ll-9 oLlJL>Gl-0 ^1 

f 

4 jlJlGjJI jl ( J-U Lj I ^JLJ_>i_Lo 5 Dj_^_>^l J5_> J_S^J Lo JS j-09 . j_J*bLU C^-S^JI ^ 4 -Qr) \u II 

f c 

^uolj — ig l_)^ — lsjL> < ( jpl — lil oljl — Jjj 4 ^_j4^>gJ Optics 4_Jj — S^IJ plj->l « (Jjlj^ j 9-^-0 j^JI 
D, \ J Go ->9j 3 ^Ji II oLSj ujlJI j-0 Aj-LJlJI -L_>^J^ I I tl I ^JbjJI J-0 J-oLsjlU 4 \^L> 

• 



(dPCR) Digital PCR op^l 

I Gc_j| j-SHrg ^jLclc^I Ojj^-SHI J_cLcj 4_cjj_Lc_J cluaJ^ ^^o-QjJI Ojj^-SHI J_cLjj 4^cjj_L^ -l_sj 

4^_j4^>gJ J_o_ 2 j mj j_SH^ RNA j-o oj_JjL-o j^-c 4_cjj Io « cDNA ^ DNA j-o J-o 77 G jl 

4_^cjj_LcJI ^ 4- L ^Ltl J^L All I r L— J-Sj-Jl 4 _jl_o_9jJI 4-Cjj Io I I j_SL^5 . 0 j_jjjLl-0 oLl_o_SHI 

c 

j 0 jg SI) j) . ^ 0 °j ^ J cLfljJ! jl Ojgj j 0 j LS^I till LA LljLS' L-Sg . d J >1 . ~ r!^l 
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ij SL c q.\ <isg LALU j o 



D^j-S— 4 f g <3— >^Q ^g OjjL o1j_J 2_L4 j_C I Q \\\ *\ tl jggg VA tl 
. ioLsJ) OgJg ‘N tl oM-cLLo I g \ C i Q \\\ *\ tl 



^O-SjHIg jjLsHI OjJg-SHI J-cLij j*J jg-dHI 

^ I C lLI Ji 4 <j_LS-jg , < 4 jggjHl (j 2 ^_-olg_Ll ^ * q ^ juL_Q g_& L< 3 _^JljlJ jjJuHjHl l_£^Ll _>^1 

(■ 

^^ig . 4 j O^LciH 1 4 CJg-L^Hl j — 0 4 9 J j t <1 4 jl_< 3 _ 9 jJ 1 4 CJg-L^Hl a ? *ig . l 4 Ljl-C 3 lH 1 ^ jl I q C 



9 

^jjl_j J cbLdl jl q 4 HLL 1 ^ Lol < jj-^Lo ^ig-H ^ q^LcLlUI ^jjj ^LjLsH) ^^_j_L^JI 

e f 

jg — ^ 4 — 9 £4)1 — qjJI j o 0j^-»-S^ Ha-C) ^1 l 7 _Ls^ 4^I ^Jg-O-jHl |<J— V-VL-^-J j) -^_2_J Jj-^Lo £Ag-H j^^-L-C 

£Ag — <T J — S^ L7 — L-C OjJg — SHI 4 — J <3 C (<^—>9 « LJU. jg_5H gl OO^Hg £LLj_J> L 7 _I_C I (j i >0 -L^HgHl 
J^A /Hg -LI oLl-Q-S^ ^jJjL-^J 4-X-JJJ l-JJJL-> g-A-S^ I jg SH t \\) <3 7 II I a Ag 4 J ^ ^ J *C \\i 1 L Q Q >^Q 

f 

Jg >g j C l _<2 aIjl-SLU 4^JLlLI O Ls-j—S^aH 1 JL< 3 _ 2 _LjjjL pL^JLj^l AJLj ^jLo-jHI J_L$- j| ‘ 4_)ggjHl 

j^-jl i^cHl -LajI C ^ ros jH > ^ OgjLH) olg Q Pa tl AjOJS- ^ L< 3 -S^ < olg Q Ia tl gl ol_ 9 ^l_jL>^l 

. Colorectal cancer jgHg^Hl 

^_s ^3 a <3 g 1 1 ^sj Germline dLyogjj-j-l L^Lil ^3 .-ilj a t-~> tl ^L 9 ^sLaJI Lvxl-~> X L g 

Somatic mutations u> fl olj Ah Jl j_SJ 9 . j_c jiSI cr J_c ajl-? ^\yU) 

\ c f f 

j_5^1jL^J lIjljL^ (jl^) j LL^J— 5 l5JlJ I L7 i ^LJ 9 ^I L_)L_JJJ^| j-0$ 4 0 ^ Q 4^-SJ 

^ / 

. j2^lj-0^l ^ l!_U4^5 ^j^JI ^ L<3_^-0 Ij9^ 4-x_<3 \u 4-1 olj Pa tl L-u-S-bg « (-^_>lg 

4 1 ^ jjj ^il ^ Neoplastic cells j_ c su *\ tl 4 a_< 3 _ 9 jJI ^>9 SHI -i^djjjug 

c>^ ^ \\\ ^LU1aJUJ! 9 « iiLill j_c ^ q \\\ ^ 1 1 J9-HI JLq-sjljjjI J-Lo I $ \ I c Jg-s^-jU 

4 <3-^-0 jg SJ D-L^g « 4JjJI jLL^j-JJJ j_C t ^ jJJL ^ \\< tig 4jbjJLi-og jgJg a tl jLL^j-jjj 

c 

I 4 lc l q Hjl-SHI j-SLr ^ d-lj!) J-S 9 « ^LLq ji^jJll jg SH 4_xJg^l J_>ljJLI ^ I-l-> 

. 4_jjLsJI 



4 jl <3 QjJI DjJg-SUI J_cLcj oLlJI 

f 

Jjl jjjg gl ^Ljj_2 LjlJI l_j jljIj^I gl Well plates JL<3_2Ji ujL 4 a_< 3 _ 9 jJI ^>9 SHI 4 <1 1 <3 c 

f 

^__Lc j g 2006 ^Lc Jgl I^jlo ^ 9-^9 Microfluidic PCR devices Uj-^ og ^ Ia 



I £jH) 

0—^ 



^g_L^ jjj J Lo jj->l J-5 Ls^9 JL<3-2JLjjjI gl « ^iL<3jHI ^LjJc>6jH L^j_Cg CjLoL<3_j^c 

L;r lc l_J 9 1_>- Lol ^Jg_< 3 jHI J- 2 _$: lIjljlJLjIijH I gl l_Cjl^c 3 i_HI I-Lj3>g 4-jggjH) jC^-olg-LI 

jg « (— gl 0 ) 4 )ggjHI j2^_-o)g_L) j-0 (^JL^ gl (+ gl l) 1 — Cjg_ S_*H 1 



\ c 

+ve ) ■ ■ ^ 9 1 1 J cLl~JI 2 _) PCR ^-ilg j L7 _l_c d_) 9 Lil ^j_3-l d_L_sjj 9 ^1 9 I ijjj- 
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4 i £94 JU j-s sJl ^ 1 c 4 <3_i-s-j ol Ljj-il jluj j-i^c jLs ^jjLsJI ^9 . (reaction 

0)994 I) u 1 r 4 qJL-S-J ^ 4 )l _9 4 jl_<3_9jJ) 4 JLU ^ I ol < |^_jL_>t joJl ji oi j9 , ^ 4 JiA 9 

j{ C <L_)Aj 1 j_lI) ol )L_»_J 1 ^ I £. jl oJLC^I ^ ? I j (.09 4 jl o S' tl Aj4o*JlI 

^Lo 9 -L 2 - II 09 SJ ^JIaJL^ 4 QA ^ 7 wit! Aj99jL.Il j^-ol^-il oL_0_S AJ 40 tjJ ^j^JII 

^jLc ^UcUj 09— SI) C7 — oJjJI J-c\JllS) ajlLc 9 Absolute quantification U a e <:r ^S 

0 o DNA o o 04 >(9 Aljj_> l7 _L c l 59L> J-cLij PI-C9 J-S 09 S j oo^ qL^^oJI a_sj 0-SU9 

II DNA ol Ljj_> 0 c ^ ^ S II o-SLr llU-Lj^ ^Ljo^I ^j^-oJlJI ^ ojLS ^^jiJ) oI_Lj^J-I 

01 Ljj_J-l (j— ^ ^2 aajl S' II »L_cl uij^ jo^I ^49 ojJI o— o l-^-> 4 * £4)9 oLgj—ujL^ 40-9J 

O— o Ia > All^l 5 0L9JL-UJO 40-9J ^JjJI DNA oljLjj_> ^ I £ AJ9LU Aj^iliL AjjLi-0 i2-L^Jll 

t 

^ I £. aj^LJ-I ^-LiL AjjLi-o 0 j^2_L^J[| oLljjJ-I o_c c ^ a1l-SL!I 4 ^cI_jjjlj 9 ^LoXl ^j^-oJlJI 
09 Sj l-i^9 < Oj SLJLI oLI^j uJI J >lj-o ,\ y-^J ^jiJI liLIj J_Lo 4 » ? » » Io DNA ol_Ljj_> 

^y^l J_S — uiil ^ J — cLi-lil Jl — 0_>j o Sr 9 < — > 7 li ; ' Ajl_o_9j ^1 4 > <3 ^ opIj^JI oljLsij 

: (30J^L) 
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4-il-<3-9j-J 1 J_cLlJ : 30 J-SLjjj 

c 

l 5J — -f* 6 ±6 ^ 4 ^ )'y> 2—1 — >9 4^ ^1 £4>9_0-JlJ1 i Q \Q ^ ^JLj ^§^1 ^ Q 

J cUjJI j J j< 3 -L_ ) I 3 ~ Q 9 ^ ^ 9 ^ I ^jl-Lj * 4_}jl_C J_cLij 4 * I ^ r 

J — SJ 4 — <pM-0 4 J^U- ldLs-lJ^ JL^_2JLjjjL Cj Ij_j2_L^_JI^ (W.T.) 4 j 'I * ? r y I 4_JL>JJ 4 -u-UlL-uJ L) 

l_sI — j*bJ ^ . ^Ij—Lll 4 — uijLxJLO j 3 — Sj L7 — ^_Q 4 — >1^ l_j — IL s j_-0 4-jj) ^gI^JlJI jl Lc 3 . 4-JLv 
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oLul-^I J 9 I ^^>9 (Molecular beacon MB J_Lo a ^ 1 >- aL^o 

4 _ 2 _» s^2> 1 C ^3 l-£* oLjjl -^1 jl l_o _$3 4 -^-Jj Pa tl D,\ I 1999 fLc l!jJ_< 3 _ 2 JLjjj 1 

f ~ f 

LljLj ^Jl iJl jl <3— >j 4 >j-3§ ‘ 3' 1 Qj LaJ) a ; r A^_o3t^ J^oLc^ 5' 1 Qj tl a ; r ^UlJLjLO 



^(3 li ^1 o_ 5 Lo ^7^)9-^ jL^ liLi . ^JLJLI a 3 . x ^ tl j-o 4 LqLjjl 1 I J-0 I * w ^ c 

j—o j-^-^-Ljl jjj 4 jj : ljl!I j I oLJ_o_c 4 ^-s-u-Q PCR ^jI^j oLJI^j _> 3 _j> 3 _o 

f f 

J oLc.3 4 ^JLlII 4 _ 2 _» j*aJ) j-i j 4 _sl mi) Ajj_x sjj (4^3 J-cLi-lJl 4 Ioj-JjjI j-0 

f f f 

N^A N^A >^Q J * 2 d _>^1 — Ul SLj J_S^ Ulil j 03 < ( JJLlJ) D jLj ^1 ^J3_J3 

f f 

£43 Ojj) jl 5 ^ lil I o_a_Q 4 _ 9 j_ 2_-0 j-S Lf ( JJLlI 1 £34 AjA^tJL^ . I— ) 1 jA 2 -La-U j_<3_>^)3 4 jl a JL A tl 

' f 

^ & J cU-lil j o ^3^1 D3 Pa jj jl L^3 . Dj a 1 a ^^-Lc L^La^ 3I I < ? * * Pa 



l-QIa. 






_JL_> l^U 



DA ^Jl-sJI DjJ3_S^ J_Lo ^H 9 “^ iJj-Ld JI_<3_2JLjjj) j *C ^ t Q )aj> Dj^_2_J^A oLl_ 0_^ j-03 ^ ^ A 

f 

£\j| uJl £3 5*^3 DjL_ j j *\ <T I o_5^ « J *\ \u tl J <3 \ \> 1 g VA 3 -O Lo_^ Ajl_L>)j JI_< 3 _ 2 JLjjjL 

f 

j 2 d 2 a ^ L-Q, \ tl lLUj 3 « £^jLj ^j-L-C J 3 \^A >JJ o)j3aJ1 J A_C DjLj 3 L-^ 3 j Ia tl 4 -LLqLj 

Cjl jLS' 4 jl_ 1 _C 3 o)j3aJ 1 jAi 3AC J 3 VA >• A-S-J ^1 (, \ U 1 t ^Ll_9 ^1 VaL> ^ jA2_i) 

. Ajj 3 j_j 2 d o)j 3 aJ 1 JAC 

^ 3)3 ) j_C c ^ aajl-SLII ^ J_<AAjLjjjlj ^^ 3)3 AjjbJl D 3 _LaJ^L 4-LL<3Jl11 C 7 a 1>3 c ^ aajl-SLII ^ jl I o £. Lo) 

f 

4 — 3 1 3 — 13 -Ld — ^_9 DjA 2 _LaJI — J (jAil — > ^ J L< 3 _ 2 JLjlSJ 1 j ^ < 3-11 j -0 j 3 _SLx _9 ^ 3 ^) D 3 Pa ^1 

f ~ c 

4 9j 0^1 j— SU 3 L7 — 2_jl_»_LaJ1 ^ 3 jJI_) 3-^)3 DjaLLaJL (jiJLA^O J Lj-SJLa-U 1 J_ s 2 a i^l 

f f 

J VA J 3 Slj L ^4 LC 3 jAi >tAlJ) Cjl ^ lil ^ £>J ilD j o J i^l D 3 >3 Air A-^-SAj 

. u 7 tl t Pa tl ^ 3 jJL) A_>)^ J L< 3 _ 2 _jLjjj 1 

« Dja 2 _LaJ) 3 ) ^ 2 . jl a 1a tl ^ 3 jJL IdLJjMJ L^J 3 a 3 4 \^aL> aJ ^ \^>1^ a aJ_<j_sjLjjjJI 1 o LjjjA>t-< 3 -Li 3 

6—4 ^ 3 LdajlJ 1 3 1 ^° 56-54 jL^-j^jI 4_>jaj3 daaI_9 26—14 d 3 j_sJ) J3-1^ jj SLj lu)ja 2 _LaU ^Ll<3_9 

4 >jAJ3 da cLi 16 J3 Laj D3J 2_J! J3 Sj jl j_ 5 L< 3 -jL Q u 7 ^ Pa tl ^3jJ) Lo) . L_sL^ a^c)3_q 



09- 1 



5 Lj 4 -S-) kA 



9 5 ‘- CACG- 3 ' ^ 19-9 4 jLjJIg . 51-50 jl^. 



jl j_SL^3 < ( dPCR jLs 4 ^ L^_jjjLjjj1 ^ I c ,^-^-11 4— sjjIjaJL 4 \^aL> LD Lj 2 _J^A ) 3_JL 1 DA^3 ) j_a2a_>) 

. /0.1 ^ 3 -L- uju; cajL^ 3 J 3 o1ja2_LaJ 1 j_c c ^ aajl-SLII a jjjj Ia 1 1 j ^ ^3 4_>LL1 ( J _93 j^_sJ 

4-2-j I 3 I 1 JI ^3 Dj 96 j oj L^l ^ 3 ^ Well plate ^ o^LcLliJI da^ J-^-o jj-3" 

(jul AAIJ 3 « Dj 1536 3 I Dj 384 ^ I C ^53 ^\J| n^a JI_0_2JLjjj) j <r 3 « JI_0_2JLjjj^! 

f f 

j_SLr jj — >^1 4_J| J^IAV^I — LaJ)3 J^LA^^l J_j 3 _Li) JLq-SA-J LUI 3 j-AjL 1 DAjb ^LJl 

. olj Q ^A tl 034^- jA^-0 AlJ AaJ>- 

f 

: L^A-03 L^J Lq-SA—UJ 1 J_Qj_2J A^Q Jad) 3_C DAAZ.J ^ ^ jtj Ia tl jJLlJ 3 

f 

. D^Lc) j-^.3 Lo_^ AjAjIjJ j 3 _Sj ^ A_Q Dj-SlJl) J_>)jJL) ^ ^Pl3t \^A 7 Jl ol^ 0 l* 
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♦ olj^A-Jl (j-0 -3A.C A_2_J A_> J ^ J OjJ^-SLIl J_cLlJ • 

f 

_<2 njL_5LJl j SL<Jll AjM ^1 j*q3t_s*bJ ^ A.Q ^ Q a Q \ wit! Aj^^JlJ) j2a-0 1 9 _>JJ 4_aJ^^1 J_jl_^)jJlI1 • 



. 4 ; r 



II ^.jI uJI 4_> jj^_j 1 a_&^ 4-jLLi3J11 ^jLoJlJI i yu PCR J_cIa 2J SpLa-S' ^ l_9^Ll_>1 • 

. I ^ A C J g vn ^ 1 ^j_Lj 






4 > <3 QjJl DjJ^JaJI Cj^ Lq-SJLjjjI 
_2_J1 4 <3-^-0 j 5 _Sj lLUaj^ oL^Jl AjaJ >9 |<1 > ^ ^ ~ 1 1 L— ) Ll_L<3_C i yu J_o_4* ^ 1^ II 

: O^L< 3 -SJL-UJ^l j -03 DNA j -0 DAA-I 9 4_5t_sjJLi p ^ Aaj L^_j)^ 4_sA}L> O^LU j -0 

. ^AjIj 4_»_sljJl lLU-LS^ Dj *\ t 11 j U oj_5l5JlJ ) O^L> 11 St_UJLJ • 

c H t ,\ ^3 Point mutations 4 A U h \ I I olj b U I lg ^^1 oLJI^j J* oI^jLsjJI L;r lc Li^jzjJl • 

. Aneuploidy j_c lJlA i£JI 

f 

j o o^_)^i-l JJLujgJI 09 -SJ 9 Clonal amplifications ^ ^ '>*•; • 

. oLJIj-JI aj^-S- 

f 

. 2010 fl_C L^j^jLlj JjlI^jJ l_)5_jjjL> £L-o)j_j j_j^_Laj AjO-Jj lo II 4 t <3 • 

>tA 2 _Jl ^ I < 3 _^ olj^-SjJl j -0 l^-C 9 A) Log \ugA)gg *N H ^ JU_Lj^) AjaJ> ^ J_< 3 _ 2 JLjjjlj • 

f 

. ilajLLl) o^LJ^U oLujl^o J_<>_ 2 j_ujLj d. Hi -->- Leukemia cells j_c 

Alternative <l_L>aJ) ^ t^ l . 4.1 4 LSjljJg A) I SljljM |<3^L3t J*AJ 4_jjj1jJ J 

. ^LsJLujlJI oLi^L^^I gl djjLlJI jg, ni CM t oLjjjl-^q J_< 3 _sjljjjlj I ^ jl Q g splicing 

4_3t ujl-LU ol ujla^O J- 0 - 2 A mj lLljl-> ^j-ULJL_i ^ i < 4-1 jhl_S_lI1 ^ J_< 3 _ 2 JLjjjlj • 

^ 5 I^ il sjlII aja 4- j_SL . l_ 2 _>j-o A-S-J ^ 5 -Lll ^LlJI ^ 9 ^) 

. DA_> 1 ^ 4-tL-L> 

f f 

Q-lIjI 9 ) DA_>1^ CAjL^ 5lSJ O^Li^l ^ oIjaLLaJI j_x_r lLljlJv lU^LJ^I ( j-u j_x_< 3 JlLI Jaj-SJLjjjlj • 

f 

. AjljLlII Dj-j 2 -LaJJ ^9^1 DjA 2 _LaU J-< 3 _ 2 J 



t \ \1 1 t t t 



Dj_jI 2_jL1) j \ C ol q—LSjl^JJ ^ ^ II J J_>JlL! ^1 O^U^I ^-AC AjAJ> ^ J_< 3 - 2 _ 



Aj u^g-.Qgj-Slil j-0 4_<3— uj ) 3—1—1 oLjl5jl_>^o Ja 3 - 2 jljjjlj I g \ Non-polymorphic markors 

. 7 \\)g- < Qgj-S' j_-0 CjU_ jjjI^ J-0 4-jjjIjaJI 

♦ lU L_i 2^^_<J-11 j-0 All^l^J) oLgJL-ui-ll j_C c ^ AAL-SHlg Aja4- • 

. AjlJj-sJ) oLlJI^JlII j_C 1 \\) 

oLijjJ- Heterogeneous methylation ^jjLjJ.1 ^LjJ.1 oLUl JJj- Jz J 4-2 ■ »»-. • 

. DNA 
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ct" 



J 9- 



-J2_J 



0 } 0 ~ 



*\ c 4 Q h >JJ ^ o)j3 \ tl DA & J % 



. Personal genomics 
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(jjjjl \\\ 11 J wo a 11 


Djj^-SUI o^LcLij ^ 4-jg-jL-^l <jjjLo^-Lg-Il 




(<]■<] iAJ 




(■ 

f<3 » <3 VO 1 ^ <3 1 <3 ? 7 \M l) J\) \\>y) 




c 




Cj 1 > n>LMg ^uoIj-lJ) oLLj^I^O 




Calculators oLauU-I 




L^-S-^O J-oLsjJIg i <3 vol £^olj-> 




^3 > <3 \^>1 £L-olj_) C)^ 5 -> 




j«3 i <3 vol £LjLlj ^L-oIj^JI j-4-J l-9^Ll>^I 








^ > \\) ^JlC. Dj-9gjJl) ^Uolj-JI j2^_2_) 




PCR DjJ^_S_I) O^LcLij d_£,g_n>g^O 
encyclopedia 




PrimerBank djj 



hj3aSJ\ oMcUj a Ljg-uJJ 4 -jlJ LpgJ-sJl 1 

Bioinformatics and PCRing 

^ obLJ) oj)j j) Ig * 3 1 g > p Ia a /> bLJ-l pg. I r o^L>^o ajgoLl 4 -jlJ L og-LsJll o_L>j 

^1 Q < 1^*1^ Jg ^ *LI ^^JlJ) ^olgo!) J-i-ljv ^-^L) xdbgjL_il 4 -jJ L og-Lsi 1 9 . l_jlJ ) gj*l D 4 ^_& 

D^-cLjjjl -11 ^ < jjjL>ClJ 1 plj_J>) <dULuJjJL.ll oL>jJLL 11 cr l^ 2 J Lil oLsjjIjJ jl j_C 

jl bjJg SUI o^LcI bJ Jl >^o <^£9 < 4 i *\ <3_11 o L> L llljjj ^ 1 g oLiM_sJ) jl_$Jg ^JLliJ) J-uLiv 

4 >1 jg Sj ^^Jj I) p^jlg Jl joJ ol A <g c ^ L> 50)9 ljg_sJ 4 _> <dbgjL_il LjJLo 3 -Ls-< 3 -U 

c 

o^LcI bj ^ulg ^ LjjjIj^J ljL51-o^! oj_bg llUj j^jz-j ^ < Djj^-SU) ol_J_o_c ^ 4 q $ 11 jLSj^l 

. bjJg_5LJ) 

^Jl Ij J J _£-9 p^jlg Jl joJ ^ bugoLl LjLog-Ls-ll ggj oLlSLJ) j-o pj-JI J^Lllj^ 



-JJjLl 



-0 r> ttgJLj^l u I C bg-Qg 7 11 oL jjjLU j2j Sj j_$J j-C M vo Q fU^Jl l7 _L_C J. 



■AJ 4 — O 



Offline dj_LI_J) g^i. 5 1 Online 



i o_u^\ j 

f 

L-04 LC 4 joL> < bjJg_5LIl O^LcLbJ ^ (JuLjjj^I 4^2_j 4_oJ'M-il P^jlg-Jl jLuL> 1 j) L^gj_sJJ j-0 

bj4 SJL.U oM_cl boJIg Nested PCR 04 bJLsJl oM_cl bJ jg_o-gj oM_cl b_JI oja ,\ b s 

t-« iijTiVI ^ I r b jgj>gJ[j oLog.Ls-11 bju t *C 11 djLjJ) Luib 4 -^_j> (j -09 ♦ Multiplex PCR 



4 kJ. 






bjJg SHI o^LcI bJ J 2J-9 lLUjJ « ol jL-Jl a r 1/^ q 4 cjgJU oLJlgjLl) bjJ-^^ 

J3 L> ^J) 4 i_<r Jl >t-o 4 )9 _jlJ -1 4 ujLog-Ls-llg . bp^ L^ l9_j ^1 ^LlS. L ^jU b^g LS9 

oL — ijjLJl^ L_jg — jjjU -1 ^ 5 — Lc 5 L_jgjJ-l pLj < q tl ^J) ^^JgjLJl J-Lo 4 \^a \^a >tjLo 

JJuxQJ Q 0^1 N^Al^lg oLog-Ls-ll oL-uJlJg l-j^—jjjLJ-) ^g-Lx. ^ LuLLlII o!j 9 Pa 7 tig . pi va ^^lg 

ol }L_J1 uLjjjg J bl jJ -1 Lc J^LAII J_i- ^uoljJI^ oL-ojjlgil^ oLjLS1-o^) 

j— 09 l_)jI >tjJ) 1^4-4 juLi ^jJjj—sJ lLcLlH 5 LoL^-JI 1— ) Lj L_J 1 ^cl^-b pLjlj 9 * o j jJjj-sJ 

(■ 

^q_ju<3 juLi J-Lo bg-Lj-> j-o jJ_^l ^ bjJ^-Sd) oM_cLiJ j-o J-oLsjlII 4 ^ ^ 1 1 I * 3 1 ^ > 

b^ Lj_> J 5LJ 4 >gj bl i J cLlJI ^ylg j j-uljv j_c ^LjJ4_9 J-cLllU ^LlII Ia tl aj4^^ 

. 1 ^? ^ J^qI ?d t Calculators oLjjjLjv^ £-o[h 

f 

ol lsjIj 4JL P4 J) 4 J_0_2_J1 bj J5 Sdl O^LcI LlJ jjjlJ) J »_9 J k4 P^l j O (jL^ lLU-LI 

j _0 OuJJJL-J p^j)^_Jl |<1 JL o J 4 _ J_< 3 _C J I j^iJL j_o 9 . In Silico studies a . jg \»LJ-I 

.• iM ^ *C ilij j 0 iJXXI ^ I r -LI ^_l_j <d j—jL—g— o p ijjLj . pL^JLl 

f f 

L7 — Lc L7 — Lr L7 J» — II l_jjL>oJI 4_<jJ^Lo L^j-L^lg I $ I \ Ja ^ 1 j 1 £uoljJ! J-SLI9 p^^lg-JI 

f 

L7 -J) d_9^l_2_!) 5 ) p^jLJI J 9-J J-»-o <ko^3<JL-ujL.ll 
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^ aJ_<3 7 \ \\\ U ( Ajl— uj LaJ 1 ) qI 1a 7 11 ol^jJll j) j_$Aj i ^a3*JL_ujl. 11 LbJA.^ ^^aJ) 

d \ 1 <3 C ^1 1_£* lLJJ»A_J oUI^lJ) j-0 Aj AJZ-II Ajl_> J ‘N \u ) J_<3_2j ^ -AS ^_x_<3_JAlJ 

f 

ol JI^jJI i yi — 3 d Ijllil pU-iilg , ^^-Lo-sJ) Aj^j_iLo jg Sj j) p^jLJ) JqLLlJI 

. 4_jl_LcJzJ! QJjJs ^9 a r I un a_9 4_^Ll_>JU 



Ac. 7 \\i J.I l—JJ. 

-G»9 • (C^-C. 



_ujLM 






a 



9 

P JL /) J ^jk & I /) * I II j.i 

-S.I JLJl l-Ld) ^ Dj_ 5 LJJ oLi^^l AJl-0 



JA^-jl. 



jLLyju U g luIj-jjj^JLI j-0 JAC L_C_ jL<jJLC^1 ^ 



jau 



>■ y y 

j-i £■ ,—j JI9 l_j (jis 2_> ^ I r ,\ i ‘sLdl j_c (juL) X l j_SUg jrO 7 i Oj_^j 

J_oLSj . GC/ . GC . ATm ^ ^ s^A 7 sJLLg) Ajj^>sJlI 1 j-0 L-Q,\ £ tl ^1 IjLlLjjjI 

~ / c 

: ^^1 I ^ j >03 ( £-09 l_jJLlI) J-0 P^jLJI 



j — 09 < — cLi 25—18 J_Lo ^1 J9 — LJ) j3 — $^9 



j oa_cI _9 40-15 j-0 J-LJzJ) £9! jJu 

f 

. <di — 2_jj^l d — Aljlj>3j_liJ) .a — cI^JLJI j_o aj 9_$ : Lo £9 _o-j^o 9_a> p^jLJ) J9_La jl l^9j_2JL1 

f 

.‘Hi Uniqueness p^l—JI 9 I olj-si^l) aJL p jjLJI J^-b 

12-8 J 9 -U cj|j hj* a. tl f 1 _5 - 3 * 9 ' ! J L<j_ 2 _Ljiaj Ls l-JUJI jlxs d i o ^gL_II 



4 _>jJ 






■ 4 - 



DjL)j ^1 Jj g. VU pjjLJ) J9— u 0jL_fj J-A jl jj_^ ^ 0^_c jJ5_ 

C J C_$- L7^ -^C'l !JJ -> J9 kJI O J I Jj jl 9 . 1—1 IL2J) J-0 jJ >» ^ ~ II ^3 (XJ-I. ^9 

^1 p^jLJI J9A ^ h yji '» 1 1 ojL>JI a^Lo-c j_SJ9 . Mismatch tolerance 

c 

l_j — ^ l-s — I « d — a 1 ^ tl djLj j ^1 xdLsL^j p l ^j)3_J) luL>9Jj_-o j_J3_Sj J-^-o o)A_>j 

f 

J qLsJLj I O Ia ^3 . Jl |<3 jl o Air J^oI^jzJ) DA6 Q-u Ajj)^J[l jl G rV 1 jJ^Aj A_>^) 



OA3_J^3_JL) ^U-oljJI L-jJ-cl AJL-0 



P^jLJ) L-ilj_Lil ^ 9-3 03_J 

-L^l c d A <g c j c ^3 _L_l5jl-o (J9-S2 3 l-Qj 1 a ILi « p^jLJI ^j-L^ luLLj^a)3_o c-^bjv 

Ajl_ 2 _AA 9 L-JLJ— m. Jl I s ^ Ig Um!M_c p^jLJI jAj ,oJ lil Mispriming ^ ^ ^ II 
9J j 3 Sb ( Ajl-JI lsj J 9 ^)) d Ll-L -9 xdL< 3 _x _9 aJ c Qj tl Q , A jl_ 9 jJ^J 1 A_cl 9_9 (jAJLXj-iJJ AG 

f 

I J— s^l lLILijSi j9-^j jl J- a2a aj lLUaJ Ajl_L<3_c j-^S^ l 5-^I9 J4-L9 oLj 

p jjLJ) j» a ■ "< j_o JJ-^jlI (GC clump) 3 ' Qj U II ^_lc (GC) ^->1 \ . . I *C^ ■ ; II j_o 

j o J I a 19 . j IUI I ojJgAJ) aAo_c J-s-aU- ajp_uj II99 . jl Primer breathing 
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l _ 9j L^J) ,\ir jg Sj j) J a j (GC) oLJlgjJl J_Log . 4 \^n \^n >jl11 j^_c 4_j^jLlI1 

jO 2_j Dj_^JhJ I 0 li &g ♦ 100/1 Jo_2_r I g 1 j-SLo-j-S p^Ldl jOOC iJL> Lo ) . I vnj) 5’ 

♦ £-o)>JI 

\ ^lg j_9^o ^ ^g^li M aa ? q < ppLJI c aJLi* oLlL uug oLljL^I l!_ULlj3>3 

jg jg Djjg_SUl J_cLij d^Ll^ j-o J-L^-jg p^j)g_»Jl og_»j ^ jjg-u - uj L^jj_q gl 3' 4-j I ^ ; 1 1 ,w c 

f f 

p^Ldl C j_0 jLii-JJJUg . P^jlg-Jl j-O jg-i-^l JjJaLiJJ ^ pgM-Lll jOO. C j_0 IggOO j_LS1 

^,\ r jL^J cIU-LJ ARMS y a In 7 II JI_<3_2 JLjjj1 4_JL> ^ 3 l-Qj In II jLujlj ^1 o_clg_9 4—3 

£yoly II j^n ? i I j__5Log < sJI lo ^_J 4 J- 0 - 2 -Ou 1 .il p^j|g_»JI \n 1 Air 1,\ <j r ^og^loH 

^ J_ 0 _ 2 Ji mj 3' Loll jl jOoJ-Og . L^L>j_>lO j -0 N^n jOg^loH 4-1 L> j I g In j 

. L.OU1J LljLj jg SJ j) L-JL^ 5' L^jJoJlg ^ ^ 1 1 1 -iJ-li 



4ii> vgjJLlJI OcIg-iLJ) JJjgJg P^jlg-jJI ^gJL>^0 
oi — & ^ £yoly — M ^ 2 -LlIivg < / 60—40 Jg-L^ GC L ^gJL>t_r p^j|g_»JI j< 3_<3 vn 1 £yolgJI ^ In 7 o 

f 

d,\ J_o iiijj . ^ i j_ 5 j >19 J 9 I i ^o_o luj v . TL q <3 . \^l_j-l 

3' l-2j II ^-lc. GG . CG .GC .CC l7 asj aaiI^jl!) <j_o J-Lc GC a_sjjI_o_^ 

il J OjJ^ SUI A LC 4 _A)L< 3 _S 3 I 4 -U-U 1 J Lo 9 1 CAjLj ^_L> A-cI— XA.IJ L^-)l A-iiA- 2 -J ^AlJI 

D ^j GC% (JH LygJLjLyjiJIg (j-ulg-SLJI P^jLJI ^gJL>^0 4-t— UJLJ jl_9 ^ g <j__2Z_J ) ^ I r g . Tecj 

f 

jL^ J^J^I ol >jJ ^ j^LiJIg ^1 Dg Q J C oLog-Ls^O u In 7 Ig ^j|g_JJ 4 \^n 

p^jlg JJ 0 L 2 ^ ^ j In_ i ,^-^1 olj_j^gJll j>> 7 i l-jL ujlJv ^g a 3 L^J^og « ^l_>tJLl^lg 

f 

j L^l p^jLJI iJLLal L_jLj>t_jL_9 /50 j-o J-sl GC uii ,^-Lx. p^jLJI plgj_>l . \ i r g . d. _>g 7 ^ tl 

f f 

4_>j-GI j^O ^1^1 Jg I jl ^ ^ j^l 4_>j J ^ I £. ibLi->JJ ^yj) 4-u-Lu-^gj-Lj aa r I Q 18 j -0 

. ^ 50 g_d> L^J ^-^^1 -^Ig I^J u vngJJ 4Ljglg_il 

f 

Poly Jj -0 AALlg^J) oljj-SJ. ol q i In g> gl oL-qLtjJI jgo -9 yoc jlp r^l J In ; ) ^uolgJI -L_>ljg 

0 I 4 02-0 Qg J o-L^g yuiu ^1 ^g-j doo> ) Poly G gl Poly C gl Poly T gl A 

Poly ljOjo I < 3 _^ < jo ^0-30-11 j-j c ^ol >oJX) joolij L^jI Lo_S^ « ( L-JLiJI j-o p^jLJI 

< I^Jg-Sj L; yJI oL>gjgJll ^ djLl jg_Sj ^^Jl (GA) Poly purines gl (C.T)pyrimidines 
. Palindromes 0 M 0 LS 0 JI ^ ^lJU. jg_Sj j) l_^ L^jI LoS' 

l_jl — mog oclg^oll j_o ^Ig \\\ c In J >- Lc , 53 ^^ jl p^jIg-JI jLi 4 _jJLlII o^LM ^g 

f 

4 clg^o 4 <1 ir 4 <3 In t o I^g-A Jg vn 4| ^jJLj jL_>^l J^n 7 ) j-Sdg ♦ 4_oJ^Lo 

^yoLjgJI J-^Ag I j L Q 4_)g_jCj_0 4JI_> D-O^g CiG oclg <5 j 4-jljl-C 4_Jl_L4Jl-0 ^^4" 9 ^ ^ TA 
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( J_9 9 pi Djlj > J Lo L^J oIj-Ajj^-O l 7 -La_ 2 _j (J-SU 9 L^-J 4_AA}L> 4_JLjjjj jL^JbL) I ^ t >0 

. I ^ i <3 GaJLj ^_jlJI oLjLjjjljU 

l_sI Gaj hfrA jL 2 -Q 4-jg-LSJl DjJ^-SUl ^Gl^J JLo_ 2 _L_lsj 1 J th! LoA_Jl_C MLo 4_aaL> lU^ L> 

18 J 9 Laj p^jI ™? pj_o j*aj l!_U-LJ < 4 _s_L^LgJI oU^I jpLs J-S3-0 j 9 ^ 2 1 a * qI a^cI^-q 

L 2 JI ^1 J_La_JLI 1 J LG a r I/) Q i~* jjj l_sI Gaj p I oL-4 l_jlJLgJ 1 JjaLLaj AjJg-iJ jl j 

jl J-LaA 2 _J) objj) (jAAJZA j^£ 1 ILL 5 ^-La II 4 t 1 <g C DA^C LajlxjJJ j-UA^_cl_9 4-9 1 voj 

— iGJ Jl ^1 Ia <3> ^ 4_AAiLU < 4 L-UJlGJ ^j-LJI j -0 Lc Ja_»JjJ 

a r 1^ ^ tl l_sI x2aj lLI h P 9 Ga ^ I <"9 L^J L< 3 -SJLjjj I ^ pAAkJL-ui-ll ^ > fj j ^^AiJl oL^jJ^l 

. 4 t 0 1 \>> X I 

- t 



D, \ rt> Gg 



^lAI J-oLSAJ) 9 J-oLSAJI 

f 

b jj c djLc j^-S j DNA ol_Ljj_J- djjaLLI 4 jl l-s^j-sJU j-o 

f f 

jl_51jJ 4 J 9 *\ 4) jj >1 4 _Laj sjj b Ja_GjJ 5 1 I \\i ^ I C 1a 1 lg 



9 

4 l^j \\<yi J^oLSj^ j L^_ ^A 3^1 DjaU 4-Q L-LaJI I ^ )AA>j : J_j_^ J_5 La!lJ A-XJ-jlJ 2 _J L_jljl_^ I jJlJ ) 

P^jI^ — J l ol — >9 jj-^o j^) g 1a ^1 jl j-SLr LbJ^-A^ jl il < 1 aa> 4 <3 ^ 11 J^LLl I ) j-o aj£a 

L ^_j^_»J A__cJL_3Lj C 7 aJI 9 4l_ujlGJ P^jLJI Aj^jbJI i n *S Ij^JIg j 7 \\) tl CjLjjjLo l!_Ua ^5 
ol 5 GL 09 . J-cLidJ Dj_ci>Lil p^jLJI ol_Ljj_> Jjl-Lgj ^Jl « 4_Lol *\ \ II oLJI^jlJI 

f 

Lj j) j ,\ C lg_S 3 j o j LSI l yu J-oLSj ,\ i C d_m_<ij f^jLJ) ^3 g-LU j 7 \\i II 

9 I Bulges oL^LajLiX) 9 I J_SL_ aU| 4-jljljlJ J! i_ j _^A) j jl!I J-J-o L^— u> ^1^ 

. 4lJ_>IaJI ol^j-sJI 

j 9 5j jj^-JI il ^9 a 1 9 -^-J I 9 I l_JLl!) ^ jl j_SL c aj^jIjJI < \ \*s I jA-J I g 

4JLjb 4_J^jb l_jljl_^IjJ j 9 ‘N'i L^j) 4L9 ^jAL-0 l-jJ^ <3 t ^j|^A \^A ~) , \ 1 V Q « I ^ \ Q 

f 

^ jA 9 _j li I J <3 C -LaI Gj^U 4 bl_9 J^_C P^jI^-JI j5_Sb_9 ^LagJ^I j-0 L-C I DjI j_> 

^ l7 a II L_JUJ) j_o ^^-LaLlxJJ ^ 5 -^ 9 -? AAAJ jjgj \^A II j^o j 9 Sb lLLJaJ < J-cLlJI J_AAiL> 

f 

. J-cLlJI pLljI 4JL)b 4_)^jb 09-^> 






ol G)-> j^— ^ (3 1 ^ GIaJ) pl^—AJ laL>5JjJLI jJ3_SbJ jiAj_ 2-0 (<J -4 N^A II P^jLJI jg Sb jl j_ 5 L 49 

f 

Interprimer 5 Intraprimer homology ; f ^1 ^^1 oLby^. ^ 9 I 4 ljalGj p^jLJI 

^_II sj a^q 9 « 4J9 *\ 7 II ob_jJ-l d,\ g I jL^_aaij^I c>jIj-> ALjdiJv ^yolj^-JI j2ajza 9 « homology 

. Dj_ 5 j j-o L<3_^ J-cLlJI ^ p^jI^-JI laL_<3_^ JjlIGaj L I <g r d-L^ 
X jl jiJI 0 ^> w-v^ jj ni Cross homology > , . ; f lal a ; II j_c 9 

^ 2^9 dJi I . ^jl <jjJI t-> . l ^ \ Q DJ 9 .i A C. Ll)l jb_1 1 9 J} 9 I CjLljl_> p 
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BLAST(Basic local £uobj_> JLq-SJLjjjL L-J Q L vj ol \ \ Q C Ltf-I l5j 4- A5^9-!-H ^pL-<g VA~t 
nr (non-redundant obLJ) o^cLi JjLlo a ^ ^•4 J I .-Of Alignment Search Tool) 

. Li_>^ 0j_5j JjL-jjj L<j_S ) 



/si 7 tVlj jl ^ ^ iVI Djlj_> ldL>jJ 

f 

Ojlj — > ol — >jJ ^l 5 J ^ 9 — Jl ^pL -<3 VA~) £L-olj_) l_£j ^i-SJ ^jJl 4 <3 ^ 11 oLjjjLjj^lg -LLa-Jl j -0 

ol sMc o)j Sj ^ I) GC j 0 Jl ^59 L-^ ^L-J^jj) 4 -u-UJL- J 1 g jl^-j^LJ^l 

— 55 (j-l J J 1 ^ ^ j^l Djlj_> j 9 SJ £L-o)jJ 1 I ^ /> A ■>. I niJ ^^jJl 4-oLsJl oLlj^I^JLq . gjj_>l JJLQ 

^uoLij-j J -^9 . S-i^cLi 20 j-o j 9 _S^ o p^jLJ GC j-o / 55-45 Lo ^1 J_>Lij ct-J) p° 65 

f 

. p[ >*jJ^l Dj)j > j— O bul >jJ C-S: ^1^1 ^ 1 1 < Till l_ iLjjjlJ- 4 Jljl-S -^0 J_< 3 _ 2 JLjjjlj 

I) Tct d-s cLs i >tj 3 q DNA/DNA o^-jj SjLjij ^L>tjJ^l oj)j_> J-L^ 

l_jl JLJl J— o Jl 4 J <3 c J_ 2 _> ^1 ^ L^jLq 4 _JLc j 9 _S J Lq,\ i r 

. 4 S^A S^A >jJ) j-j_C ^Gl^J 9 I OjJ^-SJI J_cLij ^Gl^J ^ <J-9 I $ t c ^JljlJ^ 



P^jIj-JI I <3 3 4 <3 ^ o (5>^l olj_s^3^0 

c 

j — o £ul — Jl J 9 — L 5 — ^uoljJI J -^9 \ i c jL ^ r^l j Ia \ > L 7 iJ) ^j-i^l oIj—Gj^JI j_o 

L> SLj Sj o qPCR 4 <jjj lo t 4 _\_ — UJL-JL-Q ^bj^>tjJI j -0 L-Q,\ tL ^iJI^ J-cLlJI 

500 ^(9 > ^1 J 4— jjLsJI DjJ^-SJI O^LcLij 4JI_> ^ i yS J 5 D-L-cLq 100 ^ 9 -^: L-Q,\ £ II 

f ~ f 

l^jjJll PrimerS J-^-o ^-ol^JI ^ * j-^J^jg « ^j_>^l JI^J^^I ^-sJj ^ D-i^cLs 

c 

J 5 l_j I m_> j__SLr Ld>,\ ; c g ^ ^ 1 41 p^jLJI^ ^^Lo^I p^jLJI J^Ljjl j-sl^-o BLAST j-o 



j 






: 4_jlJ^) 4JjLsJI (J -^9 P l 5 j) 9 _JI £ 9 j 4-<3— L^-J (5-^1 

1 + ^yUl P^jLJI j- 99^0 — J 9 ^l P^jLJI JJ 9-0 = £uLJI J 9 -I^ 

(■ 

>^Q J 5 — L 5’ ^l 3’ 4 — j I ^ ; tl ^1 L \ ij_j ^^ 5 -^) 9 — Jl jl l-s^j-sJI^ 

f 

. j_l^I L-Q, \ ^ II j-o 3' 4 _jL^jJI ^1 J^_»JjJ ^jJI p^jI^-JI 

: jLljLC^I jJh-jLj ^UoljJI j 2 ^_ 2 _j Ll>-L_>lj ,^-jJI ( 5 j ->^1 oIj-Jjj^JI j -09 

.^JUJIDNA^j® 
. p^jLJI J 9 -L -9 Skip J_<3 _^_j j^JI -^-cl^JJ) j-^c • 



I<1 * o Air j L\_^\ jlL I L^JL>J D -Ljl_> j^_C 4 * r j 1 oli Sj ,^-jJI ( J-LLjJI * 

c 

^ I C IjI qJLcI (5 j->! olj-JJd^O ^ ^3t-L- UJL<3-U (j-SLr 4 JU-I « (j^-JL-O DNA ^-^9-J 

.L^_<3-A-3r jIjJI 4 a L i II 



141 




J 4 — jl j — J9-SJ ^ j) l t jl 4: l 7-^^ P^LJI ^9j-J |aL>*-lJ^I dj)^ 4 » oL>jj ^ jj-GJ) # 

. ^4-3G_ mi) J_»_9 j-0 

♦ p^jLJI j-o 2^9-0 j) ^1 ^ Js^l Pj^L-U 3' ^jl^jJI j 9_S J jl • 

. 4-jgL lujlo jg-Sj jl Djj^-SUl J_cLij ^gI^j • 

j—o p^jLJI luL>9JjJL I^Ljj^I llLs^ I^Ljj^I oL_Sj_> L7 _Lc jl ih_>^L I4-J9 

Mismatched 4 c ol >9JjJll 09 G9 jL^ mi ^1 >jJX) oL>jj ^ ■ c L_jJLiJI 

Mismatched duplexes ^Lc Lij—aJJ 0^9X11 oUpj opLid 9 lg * q I^ ^ nucleotides 

f 

. c_jG ) 9-^ ) j-o d^Lc) jj9 Lo J-^9 jL_lc^I jJ^Jlj i^->9_j 1-L.& J-^9 



* 

£S-olj 41 J-q-C, j » u> ) 

m-0 ^ Aj9 4 Ca tl o)j jl »JLC^1 j IGJlJ 4-_>9_j ^UoljJl o)j_j2_sjj 4_jLl$ 9 J_G^9 Air 

^ Default 4_x jjjLjjjI ^j_x aS> cl^aj jl j_ 5 L c olj—G^Jl) D-^9 < p^j)9_J) mG oLo9_iLo 

f 

|< 3 _th_ 2_-0 ^ 4 -_> 9_3 4JLU9 ♦ ^ 4 - 3 tJL_mi) oU-L-Gvl ( j-Q9 jj.u_ 2 J.LJ 4 _LLq jj Sj 9) ^^tijjJ) 

4 cl9_S J— o L^Li_L^ m^l ol A <3 C fjj >j 4 2-^9 * lLjljJjJLj^) 4 ‘N t \"\) C OJ9_>9JU ^L-oljjJ) 

^ 1 r J9 >9^1 £uol jjJ) ^ I <3_^ 4 0L2J) oLiLJl 4 ^c)9_s j-o 9I ^^LijjJL 4 _j^Li) oLLJl 

4 _L^ j£ 4 - 3 tJ mi! I ^ jl I /* ^^jJl 9I 4 -oLsJ) Jo9j_jIjlJ) j Ij SjLj ^^LjjjJ) ^9 flj NCBI J. 99-0 

1)9 4_> 5lL>jJL) P^-^19 »-JI -^1 Dj q \\) I^j c. 1 ^ Algorithm 4_jL-ojj)9Ji) 

: J_Lo 4 -oLsJ) 0L2 1 1 j/] ^ 09 -^ 

acgtacgtacgtacgt Jj-o jlj-SUI ■ 

. L^j_o d_jJL 3 - 9) GC j ^ ■ '■ c ^^daL-o J9-^>"9 * 



AAAAAAAAAA Jjlo D-L_>)9 D-L_cl _9 j-0 4 _Lj 9 _L^ CjI j) AJLol -^9->9 c 

j * mil oLmLo j_»9_Sj 4 _G L^j 
. I r 1 9—3 1 p^j)9 _»J) oL>9Jj-o jJ9_Sj 4 _jjLSl-oj -^9->9 ^ 

. ^ 43t-L.mil ^iJl ^54-i) j_<3 vo ^LgJ^I 



4 ^C 



4_>j J 



j 0 L-O-^J 9I 1 ^ 1 ) LG-J L <3_C LljL_>t_JJ 4 _>t_mjJl) P l ^j)9_J) J L<3_2_Ljjj L ^^Lj^J) )4-aJ lLUj 4-4Z_j 

j 0 4 I9-GLU P^ 4 1 9 Jl l_)I 5GLj)9 4 j 4 _m^Lil 9) 4 -ol_ 2 Jl obL_Jl 4-^.l9_9 ^ l-Q,\ £ tl DNA 

f 

I) jj >^1 l_)I ol jl_L< 3_2_J P4-jJ) ^ < ^LgJ^I 44 1 a I9 ^9 4 _Q LLzlJI 44 L) Lm> 4 _x_>Lj 

: L^Jl- 09 i 49 j_mJ! 1^9^-J 

. ^ 4 - 3 G— mil 0 JA_> L-4-C 4 ^JjJ ^ Djlj-i) oL>j 4 -J j^mil ■ 
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(L^j-l.^ .Li) ,^-11 4 < 3 ; 11 9) I $ \ I j to * l7 llJ) 4 a 1 a ; 11 j§-Sj jl 



-L^JLjjjl. 



. oL>5Jj^o j5_Sj ^ 4JsLlJ) ■ 

? f 

. j_-o 4 i 1 a ; ,0 ^1 ^1 lo | ijj ^ p^jLU 3 ’ 4_jL^jJ) ■ 

. oL>jJ Air 4 _u^l_ 3 - j_2_jjjJ1 oLsiLo j9 Sj ^ dfLlJI ■ 

. ^ -L 3 t-L-UJL.il DJ-L_> ^.lJ) |<3-J>t_iL ^Gl^jJl j^_Sj j) ■ 

f 

. ^L-oLjjJ) 0j_3_JJJ j-<3 VAgJU -L^j-jllJL ^ ) jJlJ ) 9 j ) j_Sj lIILlJ^ jg *\j ^) 

: (31 J^d) JiVl UU^ tl, dLL ^9 




Mismatch I) a \ r o^l i* I o l ^ J <a_£* dJ I l& Si j) l_jl_^ ( J)9_>^n j_jl_<l-> ^^£9 

? f 

II ^ In ? >0 jLi llU-lJ^ . Djj^-SU) J_cLij vV 4 » ^ j^LlII L^J tolerance 

-L^l <2 Jl_J) l-S^Ll >(9 Dj_ LSJ )j I3J9 . 4 0L2JI O^LcI 4 jlJ) ^ 100\1 J-L-S-r ^9 ^LlI) p-L _C J.LJs 
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0 » J- \Ja Q ) j< 3 -x -0 10 ~) ^ O-^-oJLsJU 4 t Cj-jjJl ^1 ^Ljl_jjjI_jjj^1 

: L^J_ 0 9 

I ^ 1 Qg I ^_I ^ I r Jg \^i aJJ d_o,\ a II cjbJIgJiJ) ^ I c ^_uj-o (_5j- 4“ £yo)gd) Q * 2 1 ^ .* ^ 

/20 j o J si GC j o I ^-jLj 5 _l_>u < o jg *\ 1 oLJI^jlII ^l ( j_L^LJll JLo-jsJ 

j 0 1 C 1 GC j-0 5JL>t_^ £Uo_jjjlj j2^_2_j j-SJ^ ♦ (<20%"80%>) /80 j-0 

^LlJ Q \ tl DjJ^ SJ) ol A <J r ^ I J t t to ? t) j 0 4 O^Lv ^ Oj^-SoJJ 

Pl 5 j ^ N.O \ J £-obj_> JLq_sj_uj| n -. r dJldg . (DD PCR) Differential display PCR 



j^-LUlI) a \ ^ jg_Sj j| (3 '-untranslated regions ) ^Lo-^jjlU a_LLaJ) jJl jj-LLIb U . ^ 

. /80— 60 J v-^ jg AT (j_o ,_ggj_il a_»JLc 

OjljJ-l luL>jj luLLuj_> i^>L> (Jj_Lsg oXol ? o JL<j_ 2 _i_!jj| ^ I c ^yolgd) j-^ s . 1 -^— <] jLaJ ^Ifr 

f 

jl ^ ^ 4 ^4^9 ^iJI l 7 _Ls^ 4^) LLjL_> t _»Jl ^ 9 I oLl_>J_0 ^ OjL-C 0-La> j_S4 J 5 

f 

J 54 — > j — O J— LSI Jt_o_ 2 _i — jjjI^ Oj)j_jU C 1 )L>-jJ l_jLjjjljL 4^0-L-0 J-^-SJLjjjlj ^yoljfJl jJa 7 t 
4 qj j_l£I ajg-^L-^l Tm j 3 _Sj LiUiJ dnaMATE ^uoL^j ^ Thermodynamics LJ 

. 4_jl_L< 3_2_J I o A 2) t t 7 I t 4_o_5^Lo^ 

AT j ^ « * c c 3 _L^LjU) lLUju* Sj I A \ ; r * 0 "> A ; r JdLidl ^±L I # 

D4 & J_ Lo 4 Jl_C aJLi) 0 -La> j -0 clLIiJ GC J 4-u-LC ( J_L 2 >Ll -0 to Ji 

jjjjJL) LljI a 1 1 ^ 1 4_j^. |<J \ <3 \<Q *1 J ^LC ^ 

as r I 0 2. DjI jjg j C jl \>> Q ^^1 i 2 jXI J_Sgi s r Ig o 6 L^_J 1 a ; s>> gg a s r I o 18 ^j -4 jg ‘v a 

f 

. oUp^l p)j) d^LL^ djLjJ 

l—<3_^ CC,GG,GC,CG J_ Lo GC a u)Lj_^gl .i-^1 a_;jLSLoj g . •;! ^-olgJ) j^i v > 

. PRIME+ ^bgJ) 

The PCR suite a-oj_> ^ Lo_^ Package ^-o!>i) j-o iUj^- j_o_^ ^yobjJI j 9 -Sb ^ 



Xb 



_^X) Primer3 ^_oLjgJ) L7 _ Lc b 



jjjbujl s q 7 'i ^uolj j as r ^ I r <5 jg LA I 

. p^olg-JI P JL <J I 1 

^a o . GenBank J-Lo ^Lo Lc oIjLlj a r I ^ 3 > a 1 3j ^ Sj ^uoI^-lJ) j>> ? > 

,\ t >• (, ^ Jj_sj ^1 ^UoLijJI (tI-L-^ 4 JU-I D4^j 5> ^^9^ 4 oLit) \u ^ |<J-x-^ vo ’j ^ Lo 

|^J_x_0 VA "\ ) 4 5^ Li) ^TL-ol 1) 2_0 Jl il slU-L^g . 0-La> obbjJI 0^_C.1_9 ^1 La }j j liJ jj^i-b 

^ (dbSNP) GenBank obLJ! i^Li ^J! J ^ sdJiJ SNPs_U ^I^J) 

i< 3 _jl_<j. s^ j £ o Jl if d_L ^g . f ^gjIg-JI ■ q s^s 2 ) DgjLSgJI oLog I ? 1) cj)j GenBank file 
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ORFs 4 >g-ljLll Dp lj <Ll) j LdI j<3_ <3 vaj 5 I u l^7, jUI cDNA _U p^!*J! 

. Qyi-) ^t-Lc gjgLM j^bM < — <a_UL) J-x_o_$- ^1 ^b-^g 
. FASTA a s i J q s. 1 mj ^-oI^-lJI i ■ I c I M i q 3 . L^-L^jlj ^_j_ll J) £*_oly_ll > <? 1 1 - ^» 

iLs^U- ^ < j5_Sj ^jl 1 j_SJ 9 0LJI5J d,\ v ! l-sLlLa '^Vl p’GLij _i_o_i_2_j j_>^l j>> 7 ■ tig 

j—o .-<1 .tl 3 -n p^Jg—JI jL&L ^ p.: t l aln file U ^ a J . .s ? PriFi ^-obyJ) !Mj_o_9 



. LoLr ciJ_iLo_i_0 C-i—iU-Jg 4 -jjbl-LO ^Igjl 

P 

lLI Llt II 7 ) lLILl^-Q < 4-0L2JI oL^-^jdl j 3 _Sj ^ 4^9 D^LcI Dj^-^idl UU-dlg 

p p 

p)j >j ^jjLSLoj J-Qg j £Uoljdl j-0 AjA^S-JL -9 , jJl^I oLo 4 ^_> jD 4 ^jij j) t^_L*9J jj_>) O Lj2_j^ 1 9-0 

Ld_2JlI Built ill £L-ol jdl Dj_j2_sjj ^ 4_>^04^0 luLj2_j^ JL<3_2_LjjjL pjd^-dl C7 _Lc 

oL lsjL>j_95 3^ < p^d dl ol ^ /\ pi Ld_c) t g I 1 a Folding Ld II o^L> j9-> ^dLii 

^^LjjJ .1 jj9_ II9 GC ^9 —l^o 9 Extension coefficient 9 OD ^ ^ . ^ L^jlJI uLd 



^LjjLSdd dJLi^ jLS' il Lo-a-9 j I g to j g < (G4) ^Ajl^-Sdl oL_cLj J_Lo ^b^jLdl < \ \ *s 1 jjd I aj 4j>9 

ol dl^jdl J,\ ell h j C ^1 . I ^d AGs Dj_dl 4 _qLLdJI |<34-Q9 j 7 Null oLsjjLo 

9 1 Uridine 9 1 Inosine a ; r J Lq lu|j_J^ >tjd I jl ^ Ujj < L_dLii| ^9 SSR Aj-I 2) tl 

j2d . (Ill, II, I) I ^.cI^jLj 0 II odjjL q 1 1 4 -xd^UI g-ilgdl jl g lolg « LNA 



^lLUII oL^ 9> J) ^l oIdjlljlUI ^1 RNA ^l DNA p (9 uj oLdl^jdl ^3 -^jJLj ^uoljdl 

~ . c 

^ jl j ^ <r j >^l ^j2d_2_» II^ « ^Ljl jjjLl^JI DNA ol j^jd* (Six fmmes) j_Ld^I 4_l_ pjug 

p 

. ^LlJljl-o^I 0I9-J-I oLdl^j j_o DNA jLsd ^1 4 31 \\\ 7 II *dL< 3 _>jjd) oLl_L< 3 _C 

p 

^94 — ^ 09-^ L 7 -dl 9 ^-oljdl j-o ,5) j-o 4 — >t_jjjjdl p L 5j)9_dl J9 \^a 4-1 -^jz_j 5 ^^-xj-sJI 

^ '* , p f 

« L^dL<3_2_i jjjI J »_9 lo 4 S'LlU oL-Lq-sJI j^a 7 > plj->j j-o 4 ^j^ « L^jLj j_SLr9 ^(99 1 5 

p 

^1 mi— uj 4 _tL-L< 3 - 2 -J I D4^ jl ij « BLASTing L^d c qI ^ U ^1 1 - A * I o r p)j_>L Liiii j9 ^9 

jjj|^ ol dl^jdl l^^I ^ I C Lg J i2Dj_C 4 5LJ JL^-SJl LSJ^U 1 9 dl ^ (54^-0 

( 32 J *\ \“\i II ^ L<3_^ I g 1 lj OjLijjXlg I (j i P) i_ j _ ujLlJ .1 
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Query ID lcl|49747 
Description IRQ20-S5 
Molecule type nucleic acid 

Query Length S69 



Database Name nr 

Description All GenBank + EMB L+ DDE 
samples or phase 1 c 
Program BLASTN 2.2.26+ i> Citat 



Other reports: > Search Summary TTaxonomy reportsl fDistance tree of results 1 

Graphic Summary 

Distribution of 637 Blast Hits on the Query Sequence 



j Mouse-over to show defline and scores, click to show alignments 




frtyif nets producing s.gnrficant ahp me .nil . 



ACGBSlilR 


DHcriptiwi 


h#h score 


Tfltil score 


Dim cover«( 


1 E value 


ttai rful 


ArtZ792SS.l 


HEtcobactd pylon partial cagA QEne tor oytMoHn-amiated protein, 1st 


|59 


m 


m 


01 


MW 


C4M5WJ 


HriccteH pylon strain C04ftWJ qttofoBHssoaatBd protein ft (cagA) 


MS 


mi 


m 


10 


im 


ttHSTHM 


Hekotitter pylon cagA gene tor cytotomn associated p':‘^r CagA., pan 


; m 


m 


«t% 


01 


MW 


*«1W» 


HEtcobKiH pylon cagA gene, complete cds, strain ATCC43526 


m 


nn 


m 


01 


MW 




HEtcobaetEi pylon strain NCTC 1163? CagA (cagA) gene, complete cds 


m 


m 


m 


01 


MW 


WOTU 


Hekobactet pylon HUP-BH, complete genome 


M2 


m 


m 


01 


\m 


ewamh 


HefeobactEi pylon strain Hptnc-3 cylotrar-assodatld protein A (cagA) 


Mi 


m 


ni 


01 


\m 


E1WW1 


Hricobactw pylon strain PCR2l3vi CagA (cagA) gene, partial cris 


M4 


m 


75 % 


01 


m% 


room 


HeicobactEi pylon strain PZE L12 cytolo>n-as$ociated antigen A (cagA) 


Ml 


mi 


m 


0.0 


\m 


wroai 


HricobactH pylon partial cagA gcna for cytOtoHn-asscciated protein, ist 


111 


2249 


m 


0.0 


MD% 


wazsfti 


Hckobastci pylon partial cagA gen? for cytotwin-assidited protein, esc 


Mi 


mi 


m 


01 


MO* 


AP0Q13S7.1 


HElcobKlEf pylon strain ATCC 4352b CagA (cagA) gers, complete cds 


MI 


an 


m 


01 


im 


mmu 


Hgtcobactef pylon DMA fti CagA. complete cds 


MI 


ait 


it% 


01 


MW 



A t ; Wq ti ) a li I ol h X^s XI : 32 



r 5 - 



_SL>t_L 



^1 xJ J Lq.\ \ C g 

ills $9 E values j^-ji 9 Gaps olg >_dJI ^_j_s j 4 ->-sj J-Lq BLAST 



djLiiiJ) a . mi cuLijJ Facilitate permissive ^ 1 <> I I a . Word size j-A^r 

a ■ I <1 a 1 a_x ol cq I ? II I a . i . o jq Sa da. <£ 9 do ; q -JLJL>q cjLJIg 1 1 1 
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jj_>) J L<3_2 jljjj L oaja_> ^pL_<g i ^1 jl v^j JA^JI 4 _IL> ^^93 . a_^LlJ 1 

f 

^^J-C ^9-^ gajaM p^-^l^-x-JI jl J9J2JI j-SLr djI^jJl ^3 . a.S'LlI) ol_J_<3_c j-o dj_SJ 1 

. ^LoLsJI O^LJJ -v._r L. j? II j^o ^Jlg. \\i C J^jlL> 



CJI i U) 






JA1J d AA> U 9 i^jJ^LJI oLii. A^jJ) ^ L_)^ jjjLM £L-o)j_j JL<3_2_ 



9 

jl 9 lLJJ»A_J < ^ 3^1 4-jlJ L 03 . -L-S-ll J_j 2 _£* 1ajA_> f AJLj ^ r I /j J 3 < tl o^LcLdJ £\JLlJ J-iL-Uvg 

J 3 _>a II ^A 3 tA m-o ^ 5 ^ mi (Servers) d oa_> oIj^j-o oLiiil oLs-oLi-l j-o aja-sJI 

. cXj d vaLU 4_J3_mU ol_Lfj^>JJ 4_m)j AJI 3 o^L-LhJlJI plj_>j 3 I ^ \ II 
J- 4 -zj ^1 (Offline) Stand-alone JU ?* d\d\ w y& Lol ^uol^^JI cmjLiT / I U 1 3 

j 3 Sj 3 1 < 4-tL-L-S miJ) 4 jLjLLo J — 0 4 Ll o A_ 2 j jljXL Jl '-^ ~’M J a_>Ld-l ^j 9 J 

a j^L> j—slj-o d_>u)^_U) 05 — Sj jl (Online) Integrated network version 



. 4_Jj L >_ i-J I oljj_LJ L*jJ_Sl Djj_>^l3 i i j_Li ^ I 

f 

( J_^ 2 JlJ 3 < jj >^l CJ Lj 2 1 3 JL 1 3 LdJ m Dj 3 -Sa ll 4— ^Lj i II olj-JJJ^Jll J_< 3 _ 2 JLjjjlj 3 

l-9,\ ^ II J --0 J— oLSjlLJ ^L_C 3 J j — O )-^_j_9 — J^-ll P^^LJI 09“^ ^ LCm V S) 

. 3’ c 9 j_LaJ) Air AAI 3 g I| 4_s^L>3 < 4_j^L> Aj I r \^lg r^ 

j— o A S'LlU J_< 3 _ 2 Jl mi I ^(3 pn * 0 ^ ~ I I ^ Q J_< 3 _ 2 JLJl 5 Jlj ^ ^UoljjJI jl j_$aJL j-JA^I j -03 

f 

jj_>^l AJ 3 JLLII L-jljl-^ IjJlJ I 3 I j_ 2 _sjjlJ) CjLjjjLo jJ 3 _Sj 4 _JI_< 3 JL>l 3 ^ 1 1 ) 3 -^— 1 1 d x \r\ 

c 

. p l 5 jI 9 _JI oLljj^> 5 ) I g \u <3 1 j-o ? ( _ 5 j) 5 jJ) pl_>«JLl) o_o 4 J>-I-l 1 ! oL> 5 Jj_ll 5 I 



Calculators oLjjjU-I 

oL>L_ujlJ.| J_o_ 2 _) ^5 ai oi_i 2 > Built in L jaij ^^9 4_» jjjL> j _<3 5^A jLj ^L-oljjJI jrA 7 > 

I tl 1 C L7 — Lr i — 9 I 3 J 4_jl_Lr j 3 — Sj 3 I « P^jLJI ^3-x-<3 ; I J L< 3 -SJL-IU I A_2_J 4-^3 I lo ll 

. p^jLJI j< 3 -x_o J-»-Q 4 _j3_LLaJLI ol q I 3 JLI 

L^Jl -0 3 A 1 3 -^— 1 1 j -0 ^ 3 j 3 I A_>l 3 J 4-^-juLJlII ^-La-SJ jl j-5L<* oL_jjjL> A_> 3 J LlJJj j_C M Q 3 
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: 33 J ‘s ni II ^ Tm calculator 



Tm Calculator 

Directions: 

To calculate the optimal melting temperatures of your primers, enter each primer's 
concentration, its 5'-3' sequence, and the salt concentration (K+ and Na+) of your PCR or 
Real-Time PCR reaction. 

Note: If entering info only for Primer #1, ignore result values given for Primer #2. 



Primer # I 



Salt Concentration (mM) 


50 


Primer Concentration QiM) 


2 


5' 




3" 



Primer #2 


Salt Concentration (mM) 


50 


Primer Concentration QiM) 


.2 


5' 




3' 



Submit 


i 


Clear 





Tm Calculator 

Directions: 

To calculate the optimal melting temperatures of your primers, enter each primer's 
concentration, its 5' -3' sequence, and the salt concentration (K+ and Na+) of your PCR or 
Real-Time PCR reaction. 

Note: If entering info only for Primer #1, ignore result values given for Primer #2, 



Primer # 1 

Salt Concentration (mM) | 50 Primer Concentration (phi) | 2 . 

5" [g CCAATTCAATG G CAATTCT 1 3' 



Primer #2 




Salt Concentration (mM) 50 


PHmer Concentration (phi) j.2 



5‘ G CCAATTCAATG G CAATTCT 1 3 1 



Submit I Clear 



Tm Calculator Results 

Results for these primers are as follows: 



Primer 


Tm (DegC) 


Salt (mM) 


Primer QjM) 


'VbGC 


Length 














P ri m e r # 1 : | GC C AATTC AATGGC AATTC T 


|S8.43 | 






4G | 


| 20 1 










H°J 


LEI 






P ri m e r # 2 : | GC C AATTC AATGGC AATTC T 


|58.43 | 


i 


I 20 1 










Tm Delta = 0.G0 



ReSubmit 



Do another Tm Calculation 









jtfl A 



J d-t— UJ 



: 33 J_S1 



JJJ 



p^jLJI ^ 5 — i . c I T. \ C 9 Forward p^jLJ) j-o JA JLiol ^1 

. oTd J_S_iUI ^ ^ U t , Reverse 



L7“ 



»<*\\ 
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5 — sjjI ^3 — mi 3 — jl^jjlJI dLL — j_-o J-SU jl g )^1 Sj I j— >“ ^jLljlJI j g V>i ig 

f 

4_» — ujLU j) 4 to ^*\Lo j -09 ‘ 4_Li-4Jl) J^-Ls j-C M-S^-S 

o c 

l_<3 _^ — Ljlj ^ j a \/~> j^-Sj d ^Lc) Jill) (^9 ^ jj-aJI u ^ 7 ** 

. ^ 5 ^ ^j) l— l-^ Dj)j_i-) 

f 

Oligocalc (Oligonucleotide j-o J-ol ?■ 1 1 oL_ujLM j-o 9 

f 

. Tm calculator ^ ; »■ ! -II j_o obLSLoj d-bu 1 oi^g . properties calculator ) 
(34 (J-S—ijj) d-i—ujLi-) a ^ -s.lj ^ a L<j_^ Jd oLL- uj_> d_i_ ujLJ -1 




OligoCalc a^AjjLv : 34 J ^ ra 
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^.LJI ^ALoXl j__o J 9 — o lt-Lq 50 



D-Ob oLLsjjl_> £u)gJg 
.£* jl j *\ C 4_i— ujLMg . OjJg_5d) oM-cLi-lJ ^L_jjjljlJL ^^ojjL-9 



g) Tms jl^_ N^A )^1 ol >jJ l—jl. 

I <L9g j*3_i 3 Jig Formamide g ^^1 o^l j o 4 ^lLl-sJU j4_S1jjlJ) j-o Jgo_> j^g L^_Jos_ 






A_>0_L!dJJ 4 _jl_C 






j ^_LbJg < Primers dimers p^jlg J) ol >gjj-o jg 5 j a o LS^ /> j ^00 a * oLj-l j-^-IbJ g 

f ^ C 

^<>-^9 J- _so_9^1 5 & jg *\ ) (jhl-S_\o j_>jjgJJ jg_52 Lq,\ i r GA |< 34 -S Lb->g->g 4_JL> 

c 

. j_L^I 9 ) Jg-o/ Dj 7 \ug L *N -7 ^gLoo GA ^j_a_9 ,W C ^_>Jl1j ^^-jlJ) ) 9 - 4 —^ ) l t jl ^ l -$" l t jl -^ ^-LJj 

4_» jjjL>JJ 4_» jjjulJL ^Li <3_9 jl_^ joJ^I ol >jJ l_j_sjjl_£* ^^ 0 — I ) JjjJoJI ^^9 oLojjLM oLh-^g 

JL< 3 _ 2 _i ol 4 l c ^ 62.6 l7 & j-s >^o *-J j joj^I 4 >jj jg Sj (OligoCal) a-o-s-ll 

dI oiX) L_j_>g LiiiiJ . ^ 52 jg Sj Wallace aJjLs-o j L< 3 -sjl_uj I a ; r j_5dg / GC jL^oclg 

f f 

. Oj_9^l jlg_J-l aJLjJo I ^ 1 VA 9 1 g oL— luLU D-Lc b J_Lo ^ DO< 3 -LS-ll jjJoJ) ^1 

c 

jg_>g ,\ir a i> <3 1 J_9 ) jg *\ > 4 _jgj|jJI i n ^ IjjJ I gl oL>gjj2J jjg_Sj ,\ i r oLJlgjJl J^oLSj g 

j— o J oK'tl j-Sdg lo_> 40 b cool L^_j^ 4 1 \X\ G J *\ \\\") ^ D-o^g 3 ajL^jJI ,\ i c TA 

• p°65 j_o J-s) Tm jL^oolj^I 4->jj jg Sj Lq,\ ; r J-^LsIi-o l— 4 — uju jl j-ALr GC ^ 9 -^dl 



(IDT) Integrated DNA technology oL-JlSJ L> 




olg >oil plj >j ^^9 A_cl jjju 4_ojjL> L^JU)g OlOjJLj^I ^^J-C j_9gJL3 O L— uj L> 

ol oLog aogjljJI t » t ^1 j 7 1 1 j| a pLSLoj j-c M ^ q . ^uiLoJll ^jL-^JI 

: j-uJ^I j-J_SoIiil ^ ^u4g-0 
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OligoAnalyzer 3.1 

Instructions | Definitions | Feedback 



Sequence 




# Bases 


20 




Target Type DNA V 




























Oligo Cone g,25 


pM 












Na + Cone 50 


m M 












Mg ++ Cone 0 


m M 










3' 


dNTPs Cone q 


1 M 
















Clear Sequence 


JL 


Add To Order 


J 




Default Settings 


J 




Self-Dimer 




Results 


5' mods 


Internal Mods 


3' mods 


Mixed Bases 



RESULTS 

SEQUENCE: 

5'- GCC AAT TCA ATG GCA ATT CT -3' 

COMPLEMENT: 

5'- AGA AIT GCC ATT GAA TTG GC -3' 

LENGTH: 20 

GC CONTENT: 40,0% 

MELTTEMP: 51,3 °C 

MOLECULAR 



Resuspension 



WEIGHT: 



6076,0 g/mole 



r ifakann = = y,r.s :r 



C &' 



I^sSndbcrs | UdiittiK | Fssfaarik 



t'Td T. -*■ J irtJ-J 



s - m iia m 



Res Jits 



Fmfrds Inae 



Results 

a General InforattiMi 

B ilrf. Cate: 4/1 »/Zfl j j 7 

SGG ^ AH c T 



\ 



V 



Strictures 




iUnctw* Hmh- 





l I 



Sequence Bfp« Lcibji v 






JDCte .ttJTo [H*r 



AS [uUC 1 wit L ) 

-i«t« ft Oet 



(IDT) Integrated DNA technology oL_aajL> : 35 J ‘s u > 
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oL — jjjLU ^4 — >j L7 — £5>5 . J_5! — uiJl j -0 4^4-1 ^ Dj_£l>Llb oLjLSLoj j_C Mj^_Q 

jL^ Djlj i) ol >jJ l_j Lajjl_>- ^1 4_sLa^^L u g 9 < DjJ^-SJl O^LcLlJ JL >^0 ^ 4-0-^Jll 

4^_cl mi L^_jI_9 * 4_|— ujL>JJ 4_L>4JU J_ 2 _sljj| lU L ji Lo j L^_L b j 5 < ^L>tJLl^l 5 

j^l 3 l_j I ujl_> ^ -L.C I uij^ * NCBI J_9^JU a r 1 /^ Q J jLiLo oLJ_< 3 _C 

olj — p^jLJI j j) "n j ^LjlJLj < p^jLJI u 1 c ct^I 

. Oj_sjjL _-0 j L< 3 -SJ— l-U MJ J_jI_9 ^U_<3_2JLjjjlJ11 

d_zjbJI ij_u»IJ.) U-^jL^. \^A )^1 Oj ) j— I $ ~\ ^Mcg 4-9 1 to tl ^ \ ^ J luL_jjjL> 

: 36 J_SLsjjJ 1 ^ I ^ *> ^lg >44gJJ jgJLjjj 



mobyle . pasteur. f r/cgi-bin/portal . py?#forms :: melting 



V- ell# 



Mobyle ©Pasteur 



Welcome 


Forms 


X 





Data Bookmarks 



Tutorials 



MELTING 4. If 

enthalpy, entropy and melting temperature 

* Hybridisation type (-H) Choose an hybidation type 



Run 



Reset 



* Nearest Neighbor parameters set (-A) 

* Sequence string (-S) 



Default 



Complementary sequence (-C) 
* Salt concentration (-N) ? 



* Nucleic acid concentration in excess (-P) ? 
Nucleic acid correction factor (-F) 



Salt correction (-K) 

Force approximative temperature computation (-x) 

Use parameters for dangling ends (dnadnade.nn) (-D)? No v 



No v 



Use parameters for mismatches (dnadnamm.nn) (-M)? No v 



J9 



■I—SlSjL) ij—SAJLAJJCpO iLjjl_> : 36 J JPJ 






9 9 

. L^JL>) j-0 j24)j_C^1g L^_JJg_> ^ Ogl 0\") O L-JJJ L> -L_>gJg 

J_S! AJlLJ j t ‘CIj 7 tl L_j| UJL_>g OjJg SU) O^LcI tLL) I J jerj 7 /£ j ^j_> 1 O L-JJJ L> LLlLubg 

(37 J *N \"\y) J *n \\i tl ^ L^jl^-lg <ab*^gil 
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Nucleic Acids Calculator h-ielr 



Enter Parameters 1 


OD260 






OD280 






Dilution factor 






DNA/RNA Stock Volume (ul) 






type of nucleic acid 


select vj 



Calculate 



next sample 



All Clear 



Results j 


measured DNA/RNA cone (ug/ ul) 






OD260/OD280 ratio 






stock DNA/RNA cone (ug/ ul) 






Total Amount of DNA/RNA ( ug) 







1 OD260 Unit = 50ug/ml for double-stranded DNA 
1 OD260 Unit = 40ug/ml for single-stranded RNA 
1 OD260 Unit = 40ug/ml for single-stranded DNA 
1 OD260 Unit = 20ug/ml for single-stranded 
oligonucleotides 



BioMath Calculators 

OD 26 O Units of Nucleic Acid to Concentration 



OD26O units 



Type of nucleic acid measured 
®DNA 
OENA 
O ssDNA 

O Single -Stranded Oligo 



[ Calculate | 



The solution measured contains 



|jg/ml of nucleic acid. 



OD 26 O x conversion factor = |jg/ml of nucleic acid 



1 OD 26 O Unit = 50pg/ml for dsDNA 
1 OD 26 O Unit = 40pg/ml ssRNA 
1 OD 26 O Unit = 35pg/ml ssDNA 
1 OD 26 O Unit = 2 0|jg/ml for single -stranded oligo 
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ENDMEMO 



Genome Sequencing Service Sequence your entire Genome with 
&159 UV Light Sensors 250-400 nm, Measure UV Filtering, Radiatii 
PNA: Peptide Nucleic Acid Custom PNA Synthesis, Fmoc Monomei 



Search 



O 0 

Web EndMemo 



Home » Tools » EioTools » OD260 Calculator 



Complete Gene Sequences of Whole Human Genome. 



OD260 Nucleotide Concentration Calculator 



ODseo Value = 




| Calculate | | Clear | 




0 DNA 

Orna 

OssDNA 

OssOligo 




DNA Concentration fucrmli = 




| Calculate | | Clear | 



Note: The nucleic acids (DNA, RNA and oligo) solutions with different concentration has different 
ability aborbing light. When the light wave is 260 nm, the Absorbance of light and the nucleic acid 
concentration is calculated as: 

C = A/(e * I) 

PCR Box Titration Calculator 

Netscape Navigator version 4 or higher required 




DjJ ^ SU ) O^LcLlJ ^ dJ-<3-2^LjAJL-l 1 CjL_ujLJ-| 5L J : 37 ( J_SL 
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y 4_> Thermo 4_Sj \\) J Lo qLSj \\\ tl v \ j 4 vd-jJ i_ >L_ ujLU y> ? > llILl.^ 

. l_>t_i_Lo j-o J *n \\> > J-4 s. ~\ um j) j-SLr (38 J_S1jjj) J *\ t l 



www , finnzy mes , fi/java_app lets/reaction_set]up jDhus ion . htm I 



. Most Visited : Getting Started i. J Customize Links Free Hotmail Windows Marketplace Windows Media Windows 



| Keywords 



Thermo 



Change site .. 



Finnzymes 



S C 1 


E N T 1 F 1 C 


PCR & qPCR Products 




Part of Thermo Fisher Scientific 


1 HOME 


1 ABOUT 


REAGENTS 1 INSTRUMENTS 


1 PCR VESSELS 


1 RESOURCES 1 CONTACT | 



Reaction setup with Phusion ' DNA Polymerases 

This calculator generates a pipetting table for setting up PCR reactions with Thermo Scientific Phusion® 
DNA Polymerases. 

1 . Fill in the volume of template DNA you want to use, the number of PCR reactions you intend to 
run, and the individual reaction volume. 

2. Define if you would like to add some extra volume for pipetting. You can choose between an 
absolute volume, a number of extra reactions or a presentage of the final volume. 

3. Fill in your stock concentrations and the desired final concentrations for primers, dNTPs, (DMSO) 
and Phusion DNA Polymerase. 

The application will automatically calculate the pipetting volumes required for a premix, and the volume of 
the premix needed for the final reaction. 




Reagents Instruments Consumables 



Volume of DNA 
template/reaction: 

Number of reactions: 

Reaction volume: 



10 



50 



Total volume: 500 



Extra volume 
r* Extra reaction 
r % of volume 



> Tm calculator for PCR 

> Thermo Scientific DNA polymerases 
and cloning 

> Important instructions on annealing 
temperature 

> What do you think about this 
calculator? 



Extra volume: 50 



Ml 



This application requires 
Java Virtual Machine 
Download Java 



stock 



Concentration 

fai ml 



Volume (|il) 

per reaction for premix 



Phusion HF orCG buffer*: 
Forward primer**: 
Reverse primer**: 
1 □ mM dNTPs: 
(DM SO***, optional): 
Phusion DNA polymerase: 



5 


X 


1 


25 


pM 


0.5 


25 


pM 


0.5 


1 □ 


mM 


0.2 


1 00 


% 


0 


2 


U/pl 


0.02 



X 

pM 

pM 

mM 

U/pl 



1 □ 



0.5 



1 05 



1 0.5 



1 0.5 



1 0.5 



5.25 



H 2 0: 34.5 



362.25 



Premix: 



48 



504 



Template DNA: 2 



m 



* The HF buffer should be used as the default buffer for high-fidelity amplification. The GC buffer can 
improve the performance of Phusion DNA Polymerase on some difficult or long templates. See more 
details in the Phusion instruction manuals. 

** The recommendation for final primer concentration is 0.5 pM, but it can be varied in a range of 
0.2-1 .0 pM, if needed. 

*** Addition of DMSO is recommended for GC-rich amplicons. DMSO is not recommended for amplicons 
with very low GC % or amplicons that are :=-20 kb. 



Thermo : 38 J < 
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I ^ ? < 0 J^ol V > l )g I < ] \^> 3 £Uolj-J 

^lj — =^j tiLIi — ^9 p^jI^—JI |<3_x_<3 J^IJ ^ 4-cl JJJLJ II i i " > tijTiVI ii_ _si 2 J 

L— ) |j \ \> g—L 1 I L_Jk_5JJL^ I) (Jj L^JI ^ £{- 0 ^ II L-^Ll^g . 4-jg 1 to 11 olj-JJd^-O-LJ l— ) L I—UJuU 

2-0 ji^j-2. J >JLj ^L-oljJl 7 ) 5 . Oj)j_> 4_>jJ J-*-0 ^ghj-i-fl-Il 

. 4 - 0 L 2 JI jljJ 

ojj^J) o^LcLij ^ j-o j-o Sb J-oLsjlII jL j-^ojlJI 4_jjb 4 ^ j -09 

jl — ^ I — o_l_^3 < jO 5 j — L q ^ it) jl ^ )^1 Ojl^- ^ jj-aJI j^-Sb ^ jl l t jl 4: l7-^^ 

p 

jjg J CjL>jA II r-, \ <\, t_s!^l_i_>l dJj 9 J '>> aVI q ^ jj *C I J a I I LgLujuo ^ I j_S_k^l Jjj_4_JI 

^1 j »_3^ joj d. j_ILc TnijL^ j^ijl <d >-ja j p^jI Jl jX bjj^ S_ll J cLbJ bpl <L^ 

^ ■ <~ J_< 3 _ 2 _) X Ld; d ■ t^lj jl ^ ^ <1 dL>jd-j p^jLJI^ . dLilal^J) bjlj-i) dL>jj ^ ■ <~ Misprinting 

jj 4 \ r lj g II 2-1 1 3 i '■- J '-^ dj LJLc Jjj.b II j/) <, lrt\;rj . dLiJLaJ) d-jjljJ-l oL>jdJI 

. In Silico calculations oLI m 4-1 bjLcl 9 ^^jI^-JI 

l_ 4 Li3w4 j — 0 P^d 1<) i II -0 J- 4 L 2 JLU ^-oljril (j _4 CjLSj—uJI jj 2 i_ 2 _j Lj_c_Lifcl dJjj 

I g i 4 g L-jjl^-i-l 

Alkami Biosystems 
Molecular Biology Insights 
PREMIER Biosoft International 
IntelliGenetics Inc 
DNA Star 

Advanced American Biotechnology and imaging. 

J J i_3 (j 4 |^_4 v<-~i 4 j-d>^lg CjI 2-4L1-I j^i 2 1 ^1 J^_ 2 j ^-^Ijril j>» 2 1 ^jl q-C. id 

. Od^l d<. /» I r hi 4 

Olga ^Lob^j 

J jJ_S- ^-ol \^«-II 1^-S-Jg 1990 ^ol C »-II J -0 J < 0 1 — S— a— I— I du- 2 — ^-j-J ) ^-oljJl J^l j-o 

ol >^jj-o o 9 o-^ 4 ti LSLojg . 4 _j3jLlII c i ^ IjjLJlg . Direct repeats oj_^lLJL) SL<J J 

)j_IhJ J_o_ 2 JLjjjlj ^ 3 I J_xJ_9 j_s*bLU lIjc-Q^JI ^ 4-J Lq_ 2 JLjjj 1 obL_»Jl j -0 L^t-C^ 

f 

. Dpi i2 ^ J * ^ I ^—4 J^_>-^_J 
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Primer3 £-obj_) • 

ol 1 1 In 1 11 J—O j4_» Sdl ^L-jgL^JLJ lLI lig j inLU C^-QgJl ^ ^Lq_2_Ljjj1 jJlSI (j-0 ^-S-J 

. 4 — >t_) L jj 4 — 37 | II j<j i <3 m 1 ■ \ i C \ m 11 1 ^ t Q l_jl_Cj_j ^ *3 1 1 

— 2_J jLxJLid ^)-^9 < J^n vn >JL1 jLSJJ ^ 4 lJ ^jlg.} J^L»JLLjjj) j)j_j ^iJ) ^Ig-L-II £ vn L) 4 Ul^3 

^ 4_> kbg-0 ^ <3> I <3-^ £LjI LlJI j3_$JlJ J^-uiL-LlJI l-jJ-L^j ^ < ^L-oljjfJ) 4 ^Ig j^O olj_SJJgJU 

Saccharomyces Sj^g^JL J ^JLaJ) Adenylate cyclase ^jLj a-^LJ-K 39) J^UI 

. (Acc. No. M77757.1) cerevisiae 
■ |<j-x-<3 vn I ) 4-u-u-S. JL) Jjl—LSJgJ) j-<3_^ J-i^lg NCBI Jjl_Q j-0 ^yoL)j-(J) 4^<3 _Lc) -L_Qg 



\Y frodo.wi.mit.edu 



C O? * Yahoo 



Primer3 (v 0.4.0) Pick pnmers from a DNA s 



(.'hecks foi ltuspintmig m template 



disclaimer 



Piiineioplus mteiiace 



Paste source sequence below (5'->3', string of ACGTNacgtn — other letters treated as N — numbers and blanks ignored). FASTA. format ok. 
Mispnming Library (repeat library): [ NONE V Please N-out undesirable sequence (vector, ALUs, LINEs, etc.) or use a 



d /!■>.>>■ I C^SiL >\_>*}\ I31 1 1 t ()^Q I g9jt) 



0 Pick left primer, or use left primer below: | □ Pick hybridization probe (internal oligo), or use oligo below: | 0 Pick right primer, or use right primer below (5 1 to 3' on opposite strand): 



Pick Primers""] [ Reset Form | 



Sequence Id: 



Targets: 



Excluded 



Regions: 



A string to identify your output. 

E.g. 50,2 requires primers to surround the 2 bases at positions 50 and 51. Or mark the source sequence with [ and ]: e.g. ...ATCT[CCCC]TCAT.. 
-I the central CCCC. means that primers must flank 

E.g. 401,7 68,3 forbids selection of primers in the 7 bases starting at 401 and the 3 bases at 68. Or mark the source sequence with < and >: e.g. 
forbids primers in the central CCCC. ...ATCT<CCCC>TCAT.. 



Product Size Ranges 1 50-250 1 00-300 301-400 401-500 501-600 601-700 701-850 851-1 000 



Number To Return 5 



Max 3 1 Stability 9.0 



Max Repeat Mispriming 1 1 2.00 | Pair Max Repeat Mlspriming 2400 

fispnmmg 1 24.00 



it all O Match case L* Reached end of page, continued from top 
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PranerS Output 

PRIMER PICKING RESULTS FOR gi|171045|gb|M77757.1|YSCAKB Saccharoniyces 
cerevisiae adenylate kinase 2 gene, complete cds 

No nuspriming library specified 
Using 1 -based sequence positions 

OLIGO start len tin gc% any' 3 f ^1 

LEFT PRIMER 432 20 60.30 50.00 7.00 3.00 GAGCTGCTGAAACAGCATGA 

RIGHT PRIMER 632 20 59.83 50.00 5.00 3.00 TGTGTCATC A AGCCTCTTGG 

SEQUENCE SIZE: 1193 

INCLUDED REGION SIZE: 1193 



PRODUCT SIZE 201, PAIR ANY COMPL: 6.00, PAIR 3 r COMIL 2.00 
1 AT AC AC AT GTGTAG AAAAG G ATAATAT AC GT ATATATATTTGTTTGT AAATC TTT AAATT 
6 1 TT C AG GAAC AG G GTTAG C AAG C ATC AATG AAAGC AG AC G C G AAAC AAATAAC AC ATCT AC 
121 TC AAAC CTCTTC G ACTTTT ATTATTG G GG G CT C C AGG GT C AGGT AAAG G G AC AC AG ACTT 

181 C G AG ATTACTAAAG C AAATTC C AC AATT AT CTT C AATTT C GTC AG G C G AC ATTTTAC GTC 
241 AGG AAATAAAAT CTG AATCT AC C CTAG G C C GAG AG G CT AC TAC CTAC ATTG CTC AAG G C A 
301 AGTTATT AC C G GAT GAT CTC AT AAC G C GT CTG ATAACTTTT C GT CTTTC G G C ATT GG GTT 
361 G GTTAAAAC C ATCTG C C AT GTG GTTG CT C G ATG G ATTT C CTC G AACTACT G C GC AAG CT 

421 CTG C CTTAG AC GAG CT G CTG AAAC AG C ATG AC G C C AG CTTG AAT CTAGTG GTAG AG CTAG 

»»»»»»»»»»»» 



4 3 1 ATGTAC C C G AATC C AC C AT ATTAG AAAGG ATC GAG AAC AG AT ATGTT C AC GTTC CT AGT G 
541 G GAG AGTGTAT AACTTAC AATATAATC CTC C C AAAGTG C C AG G ATTAG AC G ATATC AC C G 
6 0 1 G AGAAC C ATTG AC CA^AG^ C G G AAGT GTTT AAAAAAAGG CT AGAAG 

i 



KEYS (in order of precedence): 

>»»> left primer 
<<<<<< right primer 

a±9Lol start len tin gc% any 3 P 

1 LEFT PRIMER 378 20 60.35 45.00 4.00 1.00 A TGTGGTTGCTC GAT GGATT 

RIGHT PRIMER 582 20 60.07 50.00 3.00 2.00 C T GGC A C TTT GGGA GGA TTA 

PRODUCT SIZE: 205, PAIR ANY COMPL: 3.00, PAIR 3 P COMPL: LOO 



2 LEFT PRIMER 380 20 60.47 50.00 4.00 2.00 GT GGTT GC T CGA T GGA TTT C 

RIGHT PPTMF.T? W 70 60 07 ^0 00 3 00 ? 00 GTGGO A GTTTGGGA GG A TTA 



Primer3 a j : 39 J ‘s 



. ^ 



-^1 ^ < h tl £uLhJI j-o *> 
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Autoprime £-oLij_> • 

i ^ *> t J-< 3 - 2 Ji mj Primer3 £L-ol JjfJI ^ 1 C I ujLlsj) J^qJLSJ ^^li) j -0 

a ? i dI^ J) d Lj^Lil L7-^ j*l jj-t-sj-Jl 1 1 a f RT-PCR ^lj^I djJ^-SUL 4_j^L> 

j— o ^gI J1 cDNA U 1 Jl jl ^ 5 ! < £uol 4 *mi 11 l_j L j>t_Lj I 

< 4_<3_<3 5^J[) p^j)^ J) > jl_<3 >*bJ d^j ^ o)j_jI sjlo^ oljl jl_> ^-ol jjJl ^ < mRNA 

: (40 J^L jii) J-SLsjjJ) ^3 d_>_kb9-0 d g ~>lgJlg 




Autoprime oIjLjl^ a j : 40 J ‘s n > 
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Primer3plus ^-oLijj • 

ijH-J) d ^>19 41 J_S_siiJ) (Primer3) ^LuJ) ^-ob^tJ) j ^ ^ ^uobjj 9-^9 

. d_i_9 1 '-^y I oLLS^Xlg 



Piimer3Plus 

pick primers from a DNA sequence 



Prime r3 Manaee r 


Help 


About 


Source Code 



Task: 



Detection v 



to detect the given template sequence. Optional^ targets R | 

axd indnded/exdnded regions cox be specified. 



Reset Form 



Main General Settings Advanced Settings Internal Oligo Penalty Weights 
Sequence Quality 



Sequence Id: 



Paste source sequence below ( - )r sequence file : 



Browse... 



Upload File 






Mark selected region: | ■=::=■ | | []J [ {} | [ Clear 



Excluded Regions: 
Targets: 

Included Region: 



{ 



$ 

*0 

m 



Save Sequence 



0Pick left primer 
oruse lefi primer below. 



EH Pick hybridization probe 
(internal oligo) oruse oligo below. 



0Pick right primer oruse right primer 
below (5'->3' on opposite strand). 



Primer3Plus 

pick primers from a DNA 
sequence 

Pair 1: 



Primer3 Manager 



http://sourceforge.net/proiects/primer3/ 



F T _. . I Mycoplasma_F 

Left Primer 1 : 



Sequence: [ GTTTGTGGTTTTGCATGCTC 



Tm: 

565 " Length; 20 bp 59.2 GC:45 ° % £T 



F „ , „. , I Mycoplasma_R 

Right Primer 1 : 



SELF: 2.0 
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Sequence: 


GCTGTCAAAGGCGTTGATTT 




Tm: 


Start: 


GC: 45.0 ANY: 


722 


Length: 20 bp ^ % J Q SELF: 1.0 




°c 




Pair 


Product Size: 158 bp Any: Pair End: 0.0 




4.0 


1 


GCTTGTGTGA CAACAACTAG AATTAAAATA GGGAGGTAAA TTCATTGTCC 


551 


TTTGATAAGC AATTGTTTGT GGTTTTGCAT GCTCATCTAA GTTGTATGTA 


601 


TAGGTATTAT TTGCTATATC AAATTTTGTG A A ATT AGTT G T AGGT A AT A A 


651 


TTGTTTTATA GTGTTGGCAT AACTTGTCAA GGTTTT A A AG TCATTTGCAT 


701 


CGAAATCAAC GCCTTTGACA GCCTCAAATT TATTAATTAG AGCTTCTAAC 


751 


TTACCATCTT TAAATTGATC TAAAGTTAGT ATTTTGTTAT AAATGGATTG 


Pair 2: 




r 


Mycoplasma_1_F 


Left Primer 2: 1 


Sequence: 


TTGCGCTTTACTGAATTTGC 



Start: 

1706 



Length: 20 bp 



Tm: 

59.1 GC: 40.0% 
°C 



ANY: 

4.0 



SELF: 



2.0 



r 



Right Primer 2: 



Mycoplasma_1_R 



Sequence: GCTGCAAGAAGAGCAAAAGG 



Start: 

1935 



Length: 20 bp 



Tm: 

60.3 GC: 50.0% 
°C 



ANY: 

4.0 



SELF: 



0.0 



Pair 

Product Size: 230 bp Any: Pair End: 3.0 

6.0 



Primer 

Pair: 



considered 1549, unacceptable product size 1527, high end compl 2, ok 20 



oLJIsjlJI <u>JljLi 9 Primer3plus > ■)$ 41 J 



162 



Primer-BLAST ^-oLij.? • 

National Center for ) NCBIj_Sj_o J+i j_o J_S_Aj Primer3 £uobj_> Jjlljjj) 

lj L> ' i_uJZ— xajJ^Q ^Uob^tJ) pb) (j5_SjJ BLAST £\_obj_) (Biotechnology Information 






jLlj^ ^yoLi^-Jl 4 ^ < NCBI dug \ II oLiLJl 






(9-9 J-0 4 lo )jJ 

.42 J <s A tl 



^ H j % www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi?ORGANI5M=4932&JNPUT_SEQUENCE=M77757. lSJ.INK_LOC=nuccore 






► NCBI- Primer-BLAST: Finding primers specific toyom PCR template {using Primer 3 cuul BLAST!, more... Tips for finding specific primers 

Reset paae Save search parameters Retrieve recent results 

PCR Template 



Enter accession, gi, 01 FASTA sequence (Arefseq record is preferred) cieM 



M77757. 1 


,j^aJ 


Or, upload FASTA file 


| Browse... | 



Range 



From To 

Forward primer | | | 

Reverse primer | | | 

d /11 S ./1 1 



y/j Clear 



Primer Parameters 

Use my own forward primer 
(5'->3' on pins stiand) 

Use my own leveise piimei 
(5'->3' on minus strand) 

PCR product size 
# of primers to return 



| | m 

| l a 

Mill Max 

1 70 | 1 1000 

5 



Primer melting temperatures 
|Tm) 



Miu 

57.0 



Opt 

60.0 



Max 

63.0 



c^sil^JI oUI^j JL>il 

i gi C 

Clenr 



) qd iLcu oIjLl> 
) d nm I I l J|-9 

Max T m difference 

3 I# 



Exon/intron selection 

Exon junction span 
Exon junction match 



A refseq mRNA sequence as PCR template input is required for options in the section 
No preference v | 



Exon at 5' side Exon at 3' side 



4_)j_J> tJu) j-0 
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oLJI^lJL q^>\ jl ^ BLAST N JLc-s-l-jjjL ^ <1 L ~ tl ^_5Lij Lo! 

: jX\< j3 U;a BLAST N 2.2.26+ 



Nucleotide Sequence (20 letters) 

djaLsJI _yj_fSli\ qI f K)lpn 

Query ID lcl| 15413 Database Name nr 

Description None Description All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, 

Molecule type nucleic acid GSS,environmental samples or phase 0, 1 or 2 HTGS sequences) 

Query Length 20 program BLASTN 2.2.26+ > Citation 

© Graphic Summary gJluLl 

Distribution of 183 Blast Hits on the Query Sequence # 



Mouse over to see the defline , click to show alignments 



Color key for alignment scores 



<40 


40-50 


50-80 


80-200 >=200 



Query I 



I 



I 

12 



l 

1 G 



I 

20 
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Sequences pro due eg significant ili|— mrtsj 


Accession 


DEHriptlH 


law scon? 


Tefal More 


0uer¥ cwrwt 


E value 




rnrnm 


TPft: fP.^rif: SaccharcuiycEE: cenewsiaE S2O0c drErroicnje V, compel 


4D1 


Eal.E; 


100% 


3^-04 


1DQ% 


mvmji 


SacdianomycEE CEnewaaE EC111B clfDrrpJiQfrie V, EClllB_ltB i^riDmi: 


4\i 1 


Eal.E: 


100% 


:-S-04 


100% 


U1E P3221 


SaccharomycES CEn?iigae clfDnpiGGme V engnii 916:3 and 9132 


4D1 


50.5 


im% 


3a -04 


1D0% 


K6 51 26.1 


S.cerEYEi* PTO gone for aitenylafte tinase 


4E il 


413.1 


im% 


3e-G4 


100% 


KQ32931 


Yeast (S.cenEMisae) RAD3 gene, compete cds 


4[ll 


4B.1 


100% 


3a -04 


1D0% 


ST? 757,1 


Saccharomycee CEnewgaE dierrjilatE khasE 2 gene, cn^EtE cds 
Yeast RACG gene for EHcignn of p^nintf nE dfcn m 


dtn 


40. 1 


100% 




100% 


M12mi 


■1 B-l 


4B.1 


im% 


3a -04 


1D0% 


E*0M&455 


TP^,: TPA_nf. SaccharcuiycES CEnewE’se E 2BBc dTDrr&snme Kit, comp 


2b.3 


17D 




5.1 


1D0% 


m annazna.i 


SaccharamvcES CEieiigse S2BBc St sU (SLS1 ikWJA 


2£.;3 


3S.3 


155% 


5.1 


1D0% 


mmmi 


SaccharomycES cere-iigaE B"111B r^fnncrsDrre Kit, EQ11B_1L10 genor 


2U 


107 


7D% 


5.1 


1D0% 


xmmn 


Sacchan:mycEE. cerei e aE done FLHIESEE-B.BIK YU139C gene, comple* 


[ 


35.3 




5.1 


1DQ% 


>31253.1 


S.cefEiJGiae DHA from chromoEomE >\U ri^it arm inching ACE2, CKtl, P 


2U 


35.3 


55% 


5.1 


1D0% 


Z73311 1 


S.cerEvisiae chronngimE >!□ neadng frarre UPf YLfilEft- 


2U 


M.3 


65% 


5.1 


1D0% 


1.5 33 El-1 


SaccharomycEE CEneiigsE clfDrrpiPinme Kit cnEmid 96B6 


2U 


3S.3 


65% 


5.1 


1D0% 


Z4B452 I 


S.cerEMisfae ELB1 gene 


2M 


M.3 


65% 


5.1 


itn% 


fii QflUON : 


SaccharomycES CEreiigae S2BBc Brilp (BHtl), mRWA 


243 


24.3 


6D% 


2D 


im% 


BKBD5M7.3 


TPA: TPAjrif; SaccharcmycES cenewgaE S2BBc clnirrosnme K1V, com;:! 


243 


UK 


'15% 


2D 


1D0% 


mmm 


TP k- TPA_hfi SaccharcmycES CEraiE-ae S2BBc drnmHome IV, cnnr^E 


243 


211 


100% 


2D 


1 [1] % 


rfl 001130525.1 


SaccharomycES cere s .E'dE S2BBc Rad9p (PJ09), 


243 


24.3 


6E% 


2D 


1IM% 


FM3HME.1 


SacchancmycES cenewgaE EOllB clnmosame Kl 1 /, EC111B_1M9 genonr 


243 


54.9 


:][% 


2D 


1D0% 


FM353D741 


SaccharomycES cerei e ae EC111B chumosnme I ■, EC1HS_U12 genom 


243 


44. t 


6D% 


2D 


1 EH % 



ol i> 1 <j eg 4-jjg \^> ]} Primer-BLAST a $ : 42 J \u 



A t ; tl/^ 4 jj ^ 1 1 p^jLJI 4 ^LlJ) 



(M77757.1) — ujljlII ^ — 9j $3 j — »-iU — q_3- (j*-^ J-<j-SJLjjjlg 

J q jg i (nr) 4 4_ji ujJLI^ j _2 ol 04 cLq jL-i->l ^ uUUI 

X LL^L t 5 1 j 7 ‘Cl 7\ \ \ 7 \ t~\ V 7 \u I ^ \ V ^ il ^KJI I 

I ^ ^ t A» \>>i jIjJLI Q-i_il A v Q j I * 7 A.I ^L-oLijfJI 4_^_> J L< 3 _ 2 JLjjj L j C/j < (nr) luLLlJ D-i^cl_Q 

4 ? ii J < a ) L-LsJI A $ ^1 ^ lil^jJI ^ aj_^_>_Ij lLUj^ 

(39) dU Ji jiJ) ^_^ 9 -o UJs Accession number jJsi 9 I FASTA 

ol S-jj-A i I Jl ^-ob^Jl jLi mRNA oLljjA- (J_j_>»_!jjl 5 JL>-jj dJL> 

. Spliced variants jj I a II jJlj-o ^ oI^Lsj 4 jj-Sb ^iJ) ^ j^LA) DNA 

\ £ 

Default ) a . », l ...Yl d_jLld-cj jjjI a ; r j 4— nj^< 3 — > pLL^-cL <3 jg 

. j_-oj_L^I l 7 _Lc Jg \^a j-SLr obl^yi (settings 



165 




4— 1 L 11 oLi — ^1 — 5^1 4-0_<3 — 5^j[l JLq_ 2 _Ljjj) j_5Lr 7 > ^9 

5^35-0 I <3-^ L^JLx_>^Lj^ ^ 4^0 jj a t \\> L^_j 4 v^LiU -LqI^JlJL I a v^> Ig 

: 43 J-SLjjj 



Input PCR template none 

Specificity of primers Target templates were found in selected database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS, environmental samples or phase 0, 1 or 2 HTGS sequences) (Organisi 
vaginalis) 

Other reports fr Search Summary 

t D etailed mimei reports 



Primer pair 1 

Sequence (5’->3') Length Tm GCWj Self complementarity Self 3' complementarity 

Forward primer CAACCT GCCCT GAAGCGGGG 20 65.85 70.00 3.00 3.00 

Reverse primer CGCGGGCCCATCCTGAAGTG 20 65.91 70.00 6.00 2.00 

Products on target templates 

> JQ805636.1 Lactobacillus vaginalis strain IMAUFB016 16S ribosomal RNAgene, partial sequence 
product length = 120 

Forward primer 1 CAACCTGCCCTGAAGCGGGG 20 

Template 118 137 

Reverse primer 1 CGCGGGCCCATCCTGAAGTG 20 

Template 237 218 

> JN202928.1 Lactobacillus vaginalis strain C107 16S ribosomal RNAgene, partial sequence 

product length = 120 

Forward primer 1 C AAC C T GC C C T GAAGC GGGG 20 

Template 106 12S 

Reverse primer 1 CGCGGGCCCATCCTGAAGTG 20 

Template 22S 206 



Primer-BLAST j-o -l-5AlJI oLLc_c : 43 J 



U^-lc 0 -SJ 9 (nr) 0-L_cl_9 4 _jI_ 2J1 jJ-Sj Lq,\ \ C Llj) j_$J L -0 J-L 09 

(jj Slj j! J 0-^C.LiJI (JLc-SJLjjjIj , j-jLSUI fg_uj) J-3 -Aj jJL^I 1 

. Target sequence Jl 0LJI5J ^h. ab 9 L> 

Jj-LoL oIj^ \m CM t J) ijjLSLoj ^ 1 1 1 l_jL j-03 

olj-jJ) a , a x a >■ ^ Exon/Intron junction oLj^jJuX) j—o .-.1 ^ w, *C VI p| g- t I I 

" c 

d^Lc) J ^ \u tl ^ ^-oLjjfiL 4_j^l_il U,\ \ c g 

4 ^L> J-<3-2_i idij Primer-BLAST ^ 4 < cj-jjJl j-09 

Single h . i o a t "1 j > I Kq * ; 1 o)j_jI sjlJI j. ^l^Jl Jl ^ * o ~ ^ ^ ^ 

dbSNP oLLj d^cLj L 1 ^^ 1$ (SNPs) nucleotide polymorphisms 

44 JS >UI j> _J^5_-0 4 I 4 ^ Li-) < C \ \ 7 J) f 4 ^ Li- 1 

. (http://pcrsuite.cse.ucsc.edu/SNP_Primers.html) 
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SNP Primers - Input form for Primer3 

Back to index 



This is an input form for creating primers around SNPs in genomic DNA. The program will design primers around all the SNPs, except for the ones of which the position is 'ambiguous'. For primer design, 
the Primer3 program is used. You can change the default settings below. The input file is a GenBank sequence. 



Select the GenBank file t hat contains your SNPs 
Product Size Range 

[ Pick Primers | [ Reset Form ] 



General Primer Picking Conditions 



[250450 



% [[ Browse... | 

\ 

S9^> Lgl/i > OiJi> 

rs Jicj JLc 

ObLJI ^9 

II SNPs vhiLiaJ dbSNP 



How to obtain a GenBank file 

Specify the minimum and maximum size of your product. 



Primer Size Min:|18 Opt: [ 20 Max: [23 

Primer Tm Min: 55.0 Opt: 60.0 Max: 65.0 Max Tm Difference: ! 5.0 

Primer GC% Min: |30.0 | Max: [70.0 | 

M ax S elf C omplementantv: 6.00 Max 3' Self Complementarity: 3.00 
CG Clamp : [l [MaxPolv-X: 4 



SNPs jLf L : 44 



45 J \~u d_L>l,\ i II 

(http://pcrsuite.cse.ucsc.edu/Overlapping_Primers.html) 



Overlapping Primersets - Input form for Primer3 



This is an input form for creating overlapping PCR pro ducts in large sequences. Just paste your sequence below and select the 
minimum and maximum overlap. For primer design, the Primer3 program is used. You can change the default settings below. 

Sequence: 



i9 ^imn J l ( _ £ JI^JI 



Which region of the sequence above needs to be covered? 
use the format 11 start location", "length of target", eg 50,100 

Specify the minimum and maximum size of your product. 

What is the minimum and maximum size of the overlap between products? 
(This is including the primers) 



Target 

Product Size Range 
Overlap Size Range 




[ Pick Primers ] [ Reset Form ] 



General Primer Picking Conditions - yon don't need to change these, but yon can 



Primer Size Min: 1 8 


Opt: 20 


Max: 


23 


Primer Tm Min: 55.0 


Opt: 60.0 


Max: 


85.0 M ax Tm Difference :! 5.0 


Primer GC% Mm: 30.0 




Max: 


70.0 



Max Self Complementarity: 1 6. 00 J Max 3' Self Complementarity: i 3.00 
CG Clamp: 1 MaxPolv-X: 4 



jJJ Default ^ 

Ji 9 (jiD jxiSilJ dL 1.9 ^$>9 

n ^ >7 ii m J l 



4-L>l JJL.ll jI_£4j 4 v^l_J4 : 45 J ^ V" 
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46 (J-S—ijj cDNA oLijjJ- Jal h . 'i 1L objj^ 

( http://pcrsuite.cse.ucsc.edu/cDNA Primers.html ) 



cDNA Primers - Input form for Primer3 

Back to index 

This is an input form for creating primers around the Open Reading Frame of cDNAs. For primer design, the Primer3 program is used. You can change the default settings below. 
The input file is a list of GenBank sequences 

mmm ... .... mmh i WBM ■■ - w . . — 

Select the GenBank file that contains your cDNAs [ Browse... j How do I obtain a list of GenBank sequences? 

Product Size Range 1 250-800 Sp e cify the minimum and maximum size of your pro duct 

[ Pick Primers ] [ Reset Form j 



General Primer Picking Conditions 

Primer Size Min: 18 Opt: . 20 Max: 23 

Primer Tm Min: ]55.0 | Opt: [SO.O | Max: 1 65.0 ] Max Tm Difference: 1 5.0 

Primer GC% Min: |30.0 | Max: |70.0 

Max Self Complementarity: i6.00 i Max3' Self Complementarity: 3.00 

CG Clamp: 1 l MaxFolv-X: 4 



j;I J djluol yi.o J l OjjD 

QiD 

nm Jl 



cDNA j jL£4_> : 46 J ^ 



* A 

^1 9 1 Entrez-gene ID Lol cDNA oLJIjj jLsJ ^ljLSLo) 

BLAST lsjL j CmLII jj £. U tl j 3 I ♦ 4 ^ 1 U 11 ^ U a 1 1 <i jj_sj 4 q 

UniGene JLo-s-i — sjjL 3 I . 4 — j__ J 3 ^ ^1 

j—c 3 1 &j_jj jL^o L ^jlLc Jg i l NCBI UniGene ^ cluster 

Ensemble ol j I > ■ T 1 cLs Jl q ? ~ ujL J j "4 ■ ^ c. BLAST 

. Ensemble ID J l o ■»- ». l J) EMBL I 
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47 J_SLsjj C 7 _og_L>_4l DNA oLi->j_$; d_k£>L> 

. (http://pcrsuite.cse.ucsc.edu/Genomic Primers.html) 



Genomic Primers - Input form for Primer3 

Back to index 



This is an input form for creating primers around exons in genomic DNA. For primer design, the Primer3 program is used. You can change the default settings below. ' 
The input file is a GehBank sequence. 

Select the GenBank file that contains your gene | Browse... J How to obtain a GehBank file 



Gene name 
Flanking Size 
Product Size Range 




; 250-450 



Please use the name as it appears in the file, eg MAPT instead of mapt or tau 
Specify the minimum length of sequence flanking each exon 
3p e cify the minimum and maximum size of your pro duct. 



[ Pick Primers ] [ Reset Form | 



General Primer Picking Conditions 

Primer Size Min: 18 Opt: ' 20 Max: 1 23 

Primer Tm Min: |55.0 | Opt: | GO.O | Max: 1 65.0 ~~j M ax Tm Difference:] 5.0 

Primer GC% Min: 30.0 Max: ;70.0 

Max Self Complementarity: IS. 00 : Max3' Self Complementarity: ! 3.00 

CG Clamp: 1 i MaxPolv-X: 4 



DNA IL jL^L 4_j^L£-1 : 47 J ^ 



. A 0 >\ jjjlJ) II ^ j Sj l_< 3 _^ jhUl-SJ <dLjL5Loj 

. O^Lc) j-Sj L< 3 -^ 0 LJI 3 J ^ I £ ^ D^-C L ujLjqJJ £^Lj^L-Jl 

A Q J Qj j NCBI * d 1 A \ /\ oli £L-o)j_j 4_jLL^ Sj 

Pick primer A jlJI_2_q 0-^ ^ ol aJI^jlII j $ to 1 ^ m 0 > j-o ,^-Lc 

sjj ,\ \ c ^L_sl_s^j olg to >• ^1 ^ -Lai A T II J g w 1 4.JLU 
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Primer premier y • 

I — ^(9 |^m-< 3 \^> i ^ <^->1 l 5 ^ ^Log-LsJll j-Q jj t *S 11 j-Qg^ ^iJ) £^o(j^-J 1 j-o 

jl Sill ^ ol Jl^jJl JL>jj a_ 2 _j I ^ t r obLJl j-o aj-^-s— 11 pl_L^_cl 5 p^jl^-Jl 4 _sjj1jaj ^^aLj 

. 48 J ‘n \\) 11 g \^g_^ L< 3 _S^ >JU 




Primer premier ^uoli^j a ^ > »)g : 48 J SI n > 



jl j *N <Tg ^(5 J ^9 — »-JI L7^ 2 >j9-Sa — ! l 4 - 0 L 2 J) ^1 1 J L-i— IV) 1 j«q_o_JAAO 

llU-s S^ ♦ I <iil Dj^-S^-i !1 p^jl^ J) jaij llUa-S^ < oLil <3 lo \^»^1 plj_>j ^ J-<3 -^-ajjlj 

oUji^L jJl^-o jLs4 9 J 4 JJS -9 Degenerate primers 4JLL- \li II p^jI^-JI ^q_x_<3_5AlJ 

t 

. Shotgun a ■ U 1 t l dA^LLj oLJIjjlII aja 2- pLJl Contigs oI^L^jlLI JJ _£. 9 a_ 2 _LUJI 
CljJ^ SUf J cl 1 3 i ) <d_^cL> . qPCR J 0 V ~ "I ~i ^jl^J AJA^- J ^ J lIUaA^ 

e 

. fL_>X) (j-0 OAA_>uO <dLAAsl_> ^aIj_J p jl 0 J^A . MultiplCX J,\ 7i II 
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PrimerPlex £_obj_> • 

d_j| ^1 Accession number J- > »«-t l ^_9j JU-aj—ujb LujLJ J_ «_ 2 j 

j4 sjjLj 4 LC^ < 4__j L j L jlJ D,\ rLi 4_L>* ujlII^ NCBI ^ 4_L>* mil ol aJI^JlJL >t_LQ 

Dj^J ol jjLSLol £L-ol j4_Il j-Q^— < P^jI j-Jl jl *-*->) dJJj A_2 _j I^jJI^J j to j 

. P^jlg-J-J Dj I ^ to j j-o 49 J *\ \\) 11 4_>t_5^5^0 4 ^IgJlg 



I — _ J www.imperwsoft.com/innages/screen5y6y45926.png 



PrimerPlex - C:\Program Files\PrimerPlex\DemoProject\DemoProjectppp 
File Edit View Analyze Tools Online Help 

baa * ,% x %m »vi mT 



!)B SliOel 



|swp f^Te 



Stqmnoi Information Search Status | Mufcpiexed Assays | i 


Accession Number ^ 




m 




fez ; _ 


r 




AB031207 * J 


(Best 










Y 13051 


Best 










AF 388026 




Best 


Complete 


Selected 


X 89446 


Best 










AF031 1 66 










AF1 18837 








Selected 




AF459094 










U 09806 








Selected 


AF191544 










AF331034 




St 


Comolete 


Selected 


AF321923 










AJ2382Q7 








Selected 


D01 82559 


L 






AF209198 


jBest 








AF042836 








Selected 


’1 



1 

31 

61 

91 

121 

151 

181 

211 

241 

271 

301 

331 

361 



TGCTCACCCA 

ACAGAGAAAA 

GAGGGGTCAC 

GTCACAGTCA 

CTTCTCCCAT 

ACCCTCTCTG 

CGGG7AAGGT 

ATTATACTTC 

TTCTGGGGTC 

CATGTCCTTG 

GCAGAAGAGA 

CTCTCCAGCC 

CAGGG 



CCCCCCTCCC 

GCACCCACTC 

GAGAAGGTTC 

agccaccSaa 

CACTACTTGG 

TCTCACCCCA 

TCGTAGTCTT 

TTGGCGGCGG 

CTAGGATAGG 

GTCATGTGGG 

ACAGGTCAGA 

GCTCCGAAGG 



ACCTCCCTCC 

CATTGACTCT 

GGGAAAAAGG 

CCCAGCCGGC 

GTGCGAGCAT 

TGCCATCATC 

CCACACGCAT 

CGGCCCCTTC 

GCCCCGGGAA 

AGGCTAGAAC 

AGCGAGCCCG 

CTTCAAGCGN 



zi 



& Primer Properties I %T C«**t re Probe Properties I 11 BLAST Information I 

PjJ (2) ' (3) ' 

Accession Number |Y 18944 

Status: 



$9 SNP Information | 



CiLuj^dL i 6 i^<?ll I JcpluiIJI ^)L9jI fk 



Rating 


Sequence 


Position 


Length 


Tm 


00% 


HalrpinAG 


Self Dimer AC 


Run Length 


OC Cla. . 


TaOpt 








bp 


*c 




kc al/mol 


kcal/mol 


bp 




•c 



Cross Dimer . 

kcal/mol 



^ j—gjh3 L7 I» — II) P^jI^-JI ol Q \^>lgJ[ iduLLocj j_C M_sO_ 9 ^UoLjj^Jl jl 4 ^ >lg-Jl j-0 

< 4 4 9LL2JI3 oL>gJj-Ug \liil 0L0L0 j-0 j) j-So* L05 (l) (^1 JOUI 

1 al a 1^X1 luI ■ I q C f] j >j a jJ LSL o j cJJa So < (2) luI lu_^I |^_<] j! ( j_SLc a /j Q 

. ( 4 ) SNPs ^ jl^J! dJU J obL_JI . ( 3 ) BLASTing 
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J PrimerPlex - C:\Program F i les’VPri me rPiex\D e m o Pro j ect\0 e m o Pr oj ect. pp p 
File Edit View Analyze Tools Online Help 



SCI -IS£| 



|X * ft 


tfV JltfCr 


151 


o y vi 

1 INF ' 


* 



Secjuence Information Search Status | Multiplexed Assavs 



Accession Number 


«* 




11. 


|i. . 


VI 3944 






Selected 


ABQ31307 


[Best 










a'fSsoM 




Beit 


Compete 


Selected 


X89M8 


Best 








AFQ311G6 










AF1 13837 








Selected 


AF459094 










U09306 








Selected 


AF1S1544 










SSSow 




Best 


Corn^de 


Selected 


AF3J1 923 










AJ23S207 










DQ182559 








Selected 


AF2091 98 


Best 








AF042S36 








Selected 





5161 


CGCjCGCAACA GACCACCAAC 


5191 


ACGTHTCTT 


CCTACTHTA 


5221 


CACACTTCCC 


ACTAGCCCAG 


$251 


GOACACTCAC 


GGTTGGTATT 


5231 


ACTCCAGCCC 


ctgtwccca 


5311 


TCTGCACGTG 


GAACCTCGAC 


5341 


TAACGACG-GA 


CCAGCGACTA 


5371 


GCCCTAACCT 


AATTACTTAG 


5401 


AOAAAACTTA 


mCTTATAO 


5431 


ATTGGATAAA 


GAAGCCAAAC 


5461 


TAlGOUACTA 


rare cctcc 


5491 


CTTGCTCGCT 


ACAATGCCCC 


5521 


GCCAATCATG 


GACATGCCCA 



AfJCATGGGTA 

TTCAGTCTCA 

CAGAGCCGAT 

TCCTCCTACC 

ACCCAACCTC 

CTTAATTCCC 

CATCCCCCCT 

TCrGGCTTCC 

TTATTCCCAC 

ACACAGGGCC 

TACAATGACC 

TACTTAGGCT 

TACACGGGCC 



zJ 



Primer Properties Capture Probe Properties | BLAST Iniormatlon | {$ SNP Intormaion | 
Accession Number: |Y13051 
Status: 



II Capture Probes 



Rating 



Sequence 



Position 



Length 

bp 



Tm 

*c 



GC% 



Hairpin &Q 

fccdbm&l 



Self Dimer AO 

kcjtfm&l 





Radng 


Sequence 


Position 


Length 

bp 


Tm 

jc 


GC % 


Hairpin .. 

kca l/mol 


Self Dim... 

kcal/mot 


Run Len.. 

bp 


GCCIa... 


TaQpt 

°c 


Cross D... 

fecal/mol 





Poor: 0-50 Good: 50-75 Best: 75-100 Sequences: 1/33 



4 . ^ 7 ; t l oj t $ U l tLa-ij-Lg PrimerPlex a $ ^ : 49 J < aL 



172 




PerlPrimer £uoL>j-j • 

( 50 JS . — jjj ) ^1 — iil JS . — sliJIg < ol — Jl^dl j — o ja — sJ j-o 

Accession No. j 4 ->« uijlII Qj g j j \ *4-1 <a_> ^ ^ i) JL<3_2 _ljjj 1 g v-^g^ 

l7 -oLo^1 p^jLJ) j-o ^Jlgjg t5 J ^ 60 J LAj ^^-hLSLo] J-SLujJ1 j ^ ^ jg M77757.1 
. 4-Jg 1 in 11 lU | j_jjjg_<Q_LI I^J^UL) J L_L_> I j-SLr P^jlg-Jl j-u j-Og olj_JJJg_-Og ^^d! 9 




PerlPrimer ^-ob^ : 50 J ‘s u > 
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0^1 — >JJ — »JI ->l — ^ 4L_JL<3_2Ji — LSj) j *\ c 4 — 3 1 ^UoL-r^Jl 4 g ^lg j — o ^ — J^3-0 Lo_$9 

Ojjg S_U ^j- 5 -)^ ( Bisulphite PCR) d-L-t-ll d_J_< 3 _aj d_s*aL> jLsJ llU-L^ d_u. m L_aJ 1 

. (Sequencing) oLJIjjl!) aja^_l1 (RT-PCR) 



174 




PRIDE J_Lo 4 luLlsjIjJ ^ J-^-SJLjjJLJg 4 \\\ Q ) jL<g 11 ^ (3j->I ^-ol I j-J ilJljLfcg 

j\ g ib jg ^19 — jj n -UJL-lil £Ljl i^ji "’ ^ iso DOPRIMER q 

. J-oL^JI 



MP primer ^-o)jj • 

£ 

^LlJI J \\) tl ^ 4 ’t £ >l$3 Multiplex l_ 94^3> j_-0 jJlS^ j<3_<3 v^j £UoL)j_} 

^5) 4 t <3-11 ol jLljJ) J ^ J—-0 l_jL^ ^L> J <3 >0 J *N ni 1 £uI_LJlJ) ^UqLjjJI j (j ^ Jg ( 51 ) 

. ( J q g JI_Lo pi In r X l_jI_lSJI I-Lj 5 > ^ JL>^o 



File Edit View History Bookmarks Tools Help 
j... j MPprimer: a program for reliable multiplex P... + 



p Most Visited lj Getting Started □ Customize Links □ Free Hotmail □ Windows Marketplace [j Windows Media □ Windows 



b ioco mpu te . bm i . ac . cn/MPpr i mer/ 



& • C | I Q - MyStart Searc 



MPprimer 

A program for reliable multiplex PCR primer design 



Home Contact us PriDimerCheck Chinese Version 

User guide Download MFEprimer-2.0 Example 



News [2012-6-15]: MPprimer 2.0 is under development, send me the features you wanted. Thanks. 

News: MPprimer-1 .4 command-line version available. [ Download ] [ Brief Introduction ] 

MPprimer: a program for reliable multiplex PCR primer design. MPprimer employs the widely used primer design program Primer3 [Rozen, ef al. 2000] and the primer 
specificity evaluation program MFEprimer [Qu, ef al. 2009] to design and evaluate the candidate primers based on genomic or transcript DNA database, followed by careful 
examination to avoid primer dimerization. The graph-expanding algorithm derived from the greedy algorithm was used to determine the optimal primer set combinations (PSCs) 
for multiplex PCR. In addition, MPprimer provides a virtual electrophotogram to help users choose the best PSC. In short, MPprimer is a valuable tool for designing specific, no 
dimer formation and amplicons size constrained PSCs to improve the multiplex PCR experiments. 

Citation: Zhiyong Shen*, Wubin Qu*, Wen Wang, Yiming Lu, Yonghong Wu, Zhifeng Li, Xingyi Hang, Xiaolei Wang, Dongsheng Zhao, Chenggang Zhang. MPprimer: a program 
for reliable multiplex PCR primer design. BMC Bioinformatics, 2010, 11:143. [ Abstract ] [ PDF ] 



Input DNA templates for primer sets design (Compulsory).Q 



Example query sequences 



oxwin DNA 



Pick Primers || Reset Form ] 
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Input the targets region and choose the prefered product size ranges for each of the template DNA sequences (Optional). < 



An example: Target region: j 1 00-1 80 



> 



Product Size Ranges: 



;1 50-300 301-400 401 -500 501-600 601-700 



Template 1 
Template 2 
Template 3 
Template 4 
Template 5 
Template 6 



Leave the following blank, MPprimer will automatically choose the proper "Target region" and "Product Size Range" for each of the template DNA sequence. 
Target region: 



Target region: 



Target region: 



Target region: 



Target region: 



Target region: 



Product Size Ranges: 



Product Size Ranges: 



Product Size Ranges: 



Product Size Ranges: 



Product Size Ranges: 



Product Size Ranges: 



Add ■* 



Primer specificity check settings (Optional).& 



Select database: 



E 


m 




| Pick Primers | 


| Reset Form | 



MinBS @ 

2 mm (Helli ng.. 1974) 



Word size for BLASTN © 

hi vl 



E-value for BLASTN % 



Primer pick settings (Optionaf).& 



Min: 1 8 



Primer Tm: 

Primer Size: 

Primer GC%: Min: :40.0 

Concentration of monovalent cations (usually 



Min: |57.0 | Opt: |60.0 | 



Opt: 22 



Opt: i 50.0 



Max: !63.0 
Max: ; 27 
Max: 60.0 



KCI, mM) 

Concentration of dNTPs (mM) 

Pick Primers Reset Form 



50.0 



Max 3' stability 

Max self complementarity: 

Max 3' self complementarity: 

Concentration of divalent cations (usually 
MgCI 2l mM) 

Annealing oligo concentration (nM) 



j 9.0 
8.0 

3.0 
0 

50.0 



MP primer oLjLSLoJs a j > 1^ : 51 J <1 o 
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PrimerStation 2^9-0 • 

Multiplex Qj, \ ? 'i c oLJ_c_sJ \\i 1 II ^ i 1 4-1 . al \ ^ ^ 7 1 

RefSeq . o-^ljJI 6 j_t) ^ us.^ 40 ^1 Lsu^c J ^^9 primers 

f 

j-q^JU « 4_<3-<3 11 4_qj ojLj ^ -^cLuij D-i^c o)jL_> llJLljs^ . IDs 

^Lc \^> >t_ij >JJ 1 ^^vI^jlJ) jLcjlc)^ oLjI v-^1 p)j_>L 

DjLjJ O^LU j_-0 J 4 -LSU 1 jLs_>JLjjj^ DJ^_>5_-0 4 _>LlL 1 oljLi-lg < \luJl ^g-L-uJ-l ^ ) 9— <3— U 

( 52 J_S1jjj) ^L-oljjqJl 4_^_>1^ ^Lil J *\ su tig \/~) s^jlJ) 



PrimerStation multiplex PCRpmua: deign 



site 



PCR targets 

Enter RefSeq gene identifier and/or chromosomal range for genomic PCR target. 
(The number of target sequences are limited up to 40.) 



NH _0 14927 
NH _ 145813 
NM _0 14380 
NH _0 12286 




NH _144 6 S 7 RefSeq IDs 
NM _000084 ^ ^j| & y, 

NH 022076 


NH _152 631 
NH _0 04979 
NH _0 16521 




Submit 


reset 


[help] 



Design options [help] 

Product size: 

Minimum product size difference: 
Cation concentration: 

Primer concentration: 



from 


60 


10 


bp 


1000 


mM 


0.2 


uM 



bp to GOO bp 



0 Avoid designing primers with known SNPs 

0 Airoid undesirable secondary structures (slow) threshold dG= -2 v 
,3 0Aroid PCR products with (A)n repeats n= 9 vj 



^ 0 Airoid PCR products with (C A)n repeats 
'A 



n= 6 v 



PrimerStation a ^ : 52 J S u > 
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£j^L 4*1 

c 

\^> StJj ^1 L^Jl-0 J^LU D-L_>)^ 4 Q ) ( j^iJlA ^_jlJI ^L-oIj^lJI -iJ-L_2_I) lLULl^ 



1^-09 









l5 j| 9^ 



Autodimer ^-oLjj ■ 



OA_^J £) S-^Li-' CjI il i i II jl ^ l ' .'a f ^jlcuJI luL>^JJ- 0 jA-Sj iLxi LSL c- 



L) <3 j 

. 53 J^AJI ^ Lo.S' du^LiJI ^1^1 

. (http://www.cstl.nist.gov/biotech/strbase/AutoDimerHomepage/AutoDimerProgramHomepage.htm) 



File About 



Primer Dimer Screen 



Hairpin Screen 



Cancel 



Minimum SCORE 
Requirement 


# of Sequences 

# of Hits 


Na+ (Molar) 

| 0.085 


i 7 A 

SAVE 

DATA 






1 


Temp for 1 o ~7 n 

dG calc | otu 

Total Strand 






Cone f 

(micromolar) ■ -U 



AutoDimer 

p-^jI jJl jjj_u .^-^1 



Autodimer £_olij_i oL^jjJt) jL&L j^Ltl : 53 J ‘s n > 
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MethPrimer ^-oL^j • 

I £ a Q )j 0H9-SJI oM_cLiJLj d_k£>LU p ■ o ~ d— waL^-1 ^-oIjhJ) .i^-l 

^ djLiJ Epigenetics a . •■ . -s Alll ^l^jJI ^ 4_c^-o d_JI J |_l<? ^^-Jl a_LiI) oL±o_c 

D-^— 0_ \ _ 2_ l ' Q dJU-l ^ v\>lj \ t [_L_*2 _'j_I_2; . CjLljljI*) ^ « T I ^ Q j^jl-I^JlJ 

(BSP) ( Bisulfite- conversion -based PCR methods ) Bisulfite __> a Kill ^^Lc 
. (MSP) Methylation specific PCR 4 >JlJJ 4 -LlI-I L) ^_L2J C7 ^J 1 < 

f 

d^-cLjjjl -11 l7 ^ d^jlj 2-11 j-o ^-S-Jg < Primer 3 ^ 1 c LlsjLsjjI ^^Ij^lJI 

CpG jj-> (j-c cijL_>t_»JL DNA 0LJI3J . iJLill 4 _IojL> aj 4 J> 

^_iJ) 5I f 1 j-o to <1 ^ ^.iJ) ( j_L^Llx3_U oLJI^jJ) N^jg 

. (BSP , MSP) Lul La 1 1 j) j-SLr^ < ui.ll 

( 54 JiL jii) ^yXI J S v~vi II a_> o oIjLjI-I^ 
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MethPrimer a $ ^ : 54 J < aL 
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Sequence extractor ^-ob^j 

4 — L>)L>- L7 — Lc ^ -L.C.I — jUL ^J-^I , \ \ Q j 

< DNA ^Is— lI a a nm i I L 4 ? p^jI Jt 4 Uj l c H t ,\ <3 Restriction map g. * U a? t l 

£L-ol jjfJl 4 < oljl jljl_>^1 >5 (j— 0 ol >j3t_LL |<3 I II 4 jjLSLoj 

. (/http://www.bioinformatics.org/seqext) 



Sequence Extractor 

Main | Features | Help | Download | License | About 



Sequence Extractor generates a clickable restriction map and PCR primer map of a DNA sequence. Protein 
translations and intron/exon boundaries are also shown. Use Sequence Extractor to build DNA constructs in 
siiico. Please read the list of program features to learn more. 

Paste a sequence into the text area below. Accepted formats are: raw, GenBank, EMBL, and FASTA. 




If there are primers you would like shown on the map, enter each primer as follows: the sequence of the 
srimer, a blank space, and the name of the primer. Use commas to separate multiple primer entries. 



d£ bl ptSdwJI ,ju^J 



Submit I [ Clear | ( Reset 



Advanced Options 


Use the following options to alte 
options, see the help. 


rthe output of Sequence Extractor. For more details about individual 

h 


* Genetic COde: standard v 

• Restriction set: | common * 



Sequence extractor ** /> A o : 55 J S u i 
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Web primer £-oLij_> • 

J <3 2. 1 jjju II Oj-j^ SJI Cj^LcI <LlJ d '^1 4.1 jL^-X J_<j_2J_mj ^_oLjj_} 

oLJIjjlII Ajii- 



Web Primer 

Sequences of primer sets available to the community 
DNA Source [info] 

Locus: Enter a standard gene name or systematic ORF name (i.e. ACT1 , YKR054C) 



j?l LSL pjSj ^1 Jjl u^II /uni JLAjI 



OR 



Elite i the DNA Sequence {numhers me OK, hut comments should he removed) 




Purpose: PCR or Sequencing [info] 

®PCR [info] or 
OSE0UENCING [info] 

Reset 



Submit 



Web primer ^ >l 9 : 56 J £ & 
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PrimerZ £_obj_> • 

LJ 5 _J! jL$J L^-L-o 4_)*ah>- 'i I Ja 3 JLi_mj £\-obj_j 

. Promoter o)a^_o_LI ■ 

. Exons ,-'l ^ m O f I ■ 

. 4_Jj ni ; II SNPS a 

f- 

SNPs llUa Sg Ensemble database J* a.l.> u>>H ^LsjXlg oL^j-aoJ) ^h. 

4 LLi 9 . (SNP rs ID) SNPs e^_sj dJ-LSg j-J-l ^gajj) j _Sb; 9 . database 

f 

^ L^JL - 0 _ 2 _i SJJ^ 4-S-i ^ j Oj-jl-^L £LjI_LjlJ 1 pl_L_cj j_5L^ « oljLi-l j-Q Jj t ^ tl 

f 

^ 1 c Ig LoLs-j^ 5' UTR J »_9 da cLi 1440 mj o)a ^_oJJ j-o J-oLsjlJI 4 _JL> ^ 

CjLx-C^JlJI CjIj oLil^bi) J . 4-0j^U) O L LauI 1 \ g A C A t L^-il (J^l— 5Jj| 

f 

Alu J_Lo Repetitive elements Djj ^ 1 1 1 j VA LjLS. J 1 ^ 1 C A J^LU (Jj 4 1 -^-^j-J ) 

J-Lo oLog-Lg-lL - 39 j ->9 4 _< 3 _ 5 ^Lo (J 9 -S 4 ^^Lj^lJI oL>j 3 loj LINE 5 sequences 
. BLAST J-Lo NCBI ^1 -LaI^ l 7 _Lc p^jLJI 

jL^ Djlj P^jLJI P-L-Jl J-Lo gjj.\ i 1 a \ tl Aj^jJlJI j_C M Q 

9 I pl^—sjj ^du>t_Lj) ^.Li) P^jLJI ^ D ^jl!jl^3j_LJlJ 1 A^-dr) Q tig /GC 

d jl ^ s» 7 1 1 Aj-ii Ih Silico PCR dj_JLs ^ 9 -$^ < ^ u< *C ? tl 

J- a 2_>3 Cj L j^ m On J ■ tUll j c jjj d U <~ Y F.nsemhl ^1 

. 57 J *S \\) II ^ 4_>_kag-0 
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: ^ L<3 _^ o)jLjL>^LJ 4 _L< 



<5 4 



15 JII 4 g ^IgJL 



Upload Parameters 






Enlarge 



I Test Run For Gene | 



Test Run For Batch 



Mask SNPs 

□ Mask SNPs on target sequence before primer design (Replace SNPs by "N") 

Promoter Region 

Fmo 



Upstream of gene: valid format is 0™ 1000000 

Maximum Exon Length 

360 



Exon Flanking Sequences Length 



240 



Product Size Ranges 
1 00-500 500-700 
Excluded Regions 

60 

Email Notification 



0 Advanced Options 



Design 



£LjLljlJ) Lol 



Primer Z: 



str-eanAud primer design for prom ate r s. e icons and hum a n SHPs 

Tsai, M.F.j Lrij V.J., Cheng, YC... Lee, K.H.,. HEang, C.C., Chen. Y.T. and Van, Ajdam (2E»7) 
YiiterZ: streamlned prinEr design Ibr promoters, exons and human EflPs. Nucleic Acids 
Research, dec ID. ICS d^Tar/gt ^3£ 5 Full Tewt 

Speries 



Hun he 



Query By 



Printer For FTurrrtErrtqure and excel e; [NCSTi v 

Gerre \ame fVQBI Official Symbol 1 Max in urn Genes : 200 
0 Input Genes OUt-load a File 



ex. ACE 

Mask S\P 

□ Mask SNPs on target sequence before 

Promoter Region 



| Llptcg»J F’sranefers | 



144Q 



Upstream at gene: valid format is O^lDn 

Maxamim Exon Length 



Exon Hanking Sequences Length 



Product Size Ramies 



1DD-5IW 5FU-70D 



Excluded Region 



=n*ail Xotiticatiou 



Species human 



Gene Name o-j Ensembl ID epee 



Pjotnoler Region 1440 



Product Size Ranges 1 00-500 5-M-7KJ 



Prime* GC%Cp 1 50.0 



Ma*Se41 Complementarity S.00 
Mas Po4y-X 5J0 



Eosembl Database Version ha ma_sapiens_core_56_3 7a 



New 



IttTMMIUSJ-Klkl 



EKSTHH>44f»C 



Primer Intormalion far apoe 



TestF^inFurGene | 
TBEtF^inFerHHldi 



FCfl 

m 



e 

PntfUcI Se» : EE-1 



chr*9:45407384 IDS 00 
chrt9:45UBM4 769 K 
BLAST foTAaTl pr.rner 



60 34 

sae? 



60.00 
50 00 



3.00 

4.00 



BLAST reverse primer 



3.00 gagaaggggcIcaa^gacAc 

1.00 jact 

Agjst PianeS F-irarKen. 



KrtsJllm 

PCF 



PrimerZ ^-oli^JI 0LJLSL0J9 a g : 57 JS. 



XU 
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Codehop £- oLij _) • 

i<g_ x— <j \ \ iCodchop 2 L 3 *— uid-IL J-pj—ujl ^ 1 ^^Ij^lJI 

f 

oLJIpJ dj_jjjLl-o j^-c oLlLo ^^Lj^lJI J_<3 7 ^ \w jg < 4 _jl_q1j_II pL_>^1 ^ oUI^lJ 

c 

^1 i“il I t-> 0 J *\ < L^_l_ 2 _£- £UqIj_) ^ I J_^ (jl oLJI^jJIg . d_9^l_2_!! o)j oLljJjjJ) 

a_L^Lj-l v > oU-j^wo JU v-i n>L Blocks database format j$Sj I ^ v , v-. 

9 ) Clustal ^ ^ t 1 oLiLii^^^l ^gI^j JL< 3 _ 2 jljjj 1 j ^ ^ L< 3 _^ . Block nicikcr J_Lo 
^UoLjjfJl ^ O^L>,\ <g *S J_< 3 _ 2 JL_sjjlj 4 oLcLL^_S ^1 I £ 1 jgJ> -l-S-J FASTA 

: (58 J^l) pi J-SlAJ! > U5 



Paste your block(s) below: 




( Look for primers "KTr 



Core (degenerate 3' region) 

Clamp (non- degenerate 5' region) 

Primer concentration [in nM, default OnM]: 



- degeneracy [default=128]: 

- strictness [defaulted 0]: 

- temperature [default 0.0]: 

- poly-nuc [default]: 



1 28 



0.0 



60.0 



BO 



Genetic code Standard 



(TK+l=50mM) 



JLulafl J liT> I 

^If JSj uiLdl oljiiJI 



Codon usage table (scroll for more choices): 



Zea mays 


A- 


Zingiber officinale 




Zinnia elegans 




qbpri 


M 


Homo sapiens 





Bv default, up to 3 of the least degenerate primers in an overlapping set are shown. 
Primer concentration [in nM, default=50nM]: 



Genetic code Standard 



Codon usage table (scroll for more choices): 



Zea mays 
Zingiber officinale 
Zinnia elegans 
gbpri 



By default, up to 3 of the least degenerate primers in an overlapping set are shown. 

Show the 3 least degenerate, or show all overlapping primers. □ 

By default, the 3' base of the primer must be an invariant position, regardless of the core strictness setting. 
Use core strictness for the 3' base. □ 

Force the core/clamp boundary to be a codon boundary. □ 

Use the most common codons in the clamp . □ 



Lookfor primers ][ Reset&Clear 



Codehop £-objj ‘-C : 58 
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j)g Jl a_^AI kA 



Pythia ^-obj_) • 

^3 (_J_<3_2A UJL) 4Jl£J 9 d_jgl_ij_u-<iJl a_kALf) A^-) 



j! ^ Thermodynamics a—jjljJ-l oL^^il .c <j_ i— S-jg <j_x_o 1 ,\ir L^l 

c 

. Scoring function oL^a-JI <lJ)j L7 _l_c a-«a_ 2 _> Primer3 Jj-o 

Programming dynamics a . < C. n -. J l\tl a^o^JI C7 _l_c z> \ ^ aiLLJI oLujLi je-^e 

: L^_i|jj_(2-0 (j -0 jj-Sjj hi !)g JaLjjXI AjI i I C Aj^xlJ 

. ^ c Ij a 11 ~r l^jji aJsLLA (JajLl-s 0 

. Staking energy j^ljj aiLL ^Li 0 

Pseudo- a jjLSJI a a. ? Ilg a_J_>-I^JI ol^j-sJI^ j-s—uJI oLaaLq j ^ A v 1 aLojAU) a al t-> II 0 

. nodes 

luIjj-aLLI qa ih (j o (J Sdj DNA cjI oLijj_k og ; t IL cJJj ajjl a og 

. L^aLjaJ- Algorithms 



a clg a 11) a c.^ i 'i 11 '~'l jjl ■ <j ■ ^ tl j o t-» tig TaLajAU aUjAUI oLsLLaJ! oaa£ J-^9 

c / 

p)j) DJ^ > oLI ujl_> ^ Dpi G *\ tl ^jjI a _9 L^_j L Lsjjl_> £U0-1j ^-jlJ) ( ^LjuLj^gjJLLl I 

. DjJ^-SU) oM-cLLd ^uoljdl 
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VizPrimer • 

d_> 4 g tig 0)9 Jl L^U- oLjlJ- jI_£4j <3_k£>LJ-) ^uoIjhJ) 

. NGB ^Jgj ^J-x-<3 V^> j i^LM 47 J^U! 

f 

j I Jljl_>L £Uq| j4-J) ^5 <2 jlJ ol jJIgJ oLljlJ- 1 pL<3_L5jl ^^LijlJl O^L>-^-0 jl ib-^Lj^ 

^ I c. idL-jLiLa a^cl^-Q j o ^ a I *4J oLiLJ) j-^-Lb-jg 4_<3_5^IJl) 

f f 

: J-Lo <3 c g i i O pL^I j-0 <3 <] ^ 11 j_0 J-i-C 

• Homo sapiens (Human) Taxld:9606 

• Mus musculus (House Mouse ) Taxld: 10090 

• Rattus norvegicus (Norway rat) Taxld: 10116 

• Danio rerio (Zebrafish) Taxld: 7955 

• Arabidopsis thaliana (Thale Cress) Taxld: 3702 

• Caenorhabditis elegans (Nematodes) Taxld:6239 

• Drosophila melanogaster (Fruitfly) Taxld: 7227 

• Gallus g alius (Chicken) Taxld: 9031 

• Saccharomyces cerevisiae (Baker's yeast) Taxld: 9031 

^9 t_0_^-0 Ij 9-> j4-i) jg jg . CjLjLlJ ^ pL_>^) j)jjJ j) J-Ogj j-^9 

^ Oj4_» ^ d) 1 j_J Ls-3 I £ * Q ^JlJI dI^jJI l!_) Ll_ bjL— b_>- oLljl_> |<3 jl q 

ksbjJ LoJ^Lo jg. Sljg . PCR j_c LbjL$^ ^^iJ) j-L^Jl 

(■ * c 

£gj j — oj-L^I ^uoLjj^J) . SNPs j_c i \U -S_l! LiJJ^ag ORFs dL^-g-iji-ll oplj_iJI j_Ls) 

J 9 ^J-I ^ v^gil VizPrimer report ^yoU^J) j-^Ju j* N j_sa o-q 

. (/http://biocompute.bmi.ac.cn/CZlab/VizPrimer) (59) J *\ ». 1L jpd_LI 
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biocompute.bmi.ac.cn/CZlab/VizPrimer/ 




NGB 



Pi in>ei P^r 1 

Forward 

Reverse 

-E551610DQ 



ieY 



(jLaJI jn j 

"Refseq. 



e.g. NGB . 627, NM_021257.3 or NGB Human 



Search 



I'm feeling lucky 



Design primer in an easy way. 

Seuuence {$' “> ?! l etwjili H>|k> GC^ Trnl c C( Penalty Froducl Sise (M Specificity ChecK Binding D hot^i 

CTOMATO llll OCAO^TTT&T.h^.C: 



27 



25 93 55.93 1 1 .0204 



1 94 



VlSW 



CAGAGAQ GCAAGG GAATGAG ATA 23 47 03 61.20 1.7204 

-I55163KD -cSSJEiZQEQ 551611X0 -E55J6DDD0 -I 55159030 



F1i_ME456. 4 
MH.Ct3LD4.4300. 1 
jm_C0ID4430i 1 

■ CDS — 









■ ^ 


.-a . 






i 


is 1 


i UTR — Inti on 







-E5515S0DQ -!,55JSTDD(5 -E55J5SQ! 

^ <« « < > » »> 

HI ,002447 . 4 

n II 

HI ,00 10 3735 5. 1 



HTJ»103f7356 ! 



VizPrimer Report 



Primers 



Primer 
Pair 1 


Sequence (5' ==> 3') 


Length (bp) 


/GC Tm(°C) Penalty 


Product Size 
(bp) 


Specificity 

Check 


Binding 

Diagram 


Forward 


TTTCTGGGCCTCTCCAAT 




18 


50.00 55.86 8.1369 


116 


View 


E _ 


Reverse 


GAACACAGACCAGCACCAGC 




20 


60.00 62.09 0.0866 








Primer 
Pair 2 


Sequence (5' ==> 3') 


Length (bp) 


/GC 


Tm (°C) Penalty Product Size (bp) 


Specificity 

Check 


Binding 

Diagram 


Forward 


TTTCTGGGCCTCTCCAAT 


18 


50.00 55.86 8.1369 


















138 


View 


E + 


Reverse 


TAGACAATGGCCAGCGCAAC 


20 


55.00 61.88 0.1164 









duU-j3u>9 VizPrimer £_oLj_) : 59 J S' 



(J-S—uJI /Q l_< 3 _^ p^jLj (J-S1I d j-1 J ■ '^*1 o . ~ H j-g-lhJ ( + ) OjLi^l I c j h i II 

:(60)/XI 
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VizPrimer Report 

Primers 

Primer Pair 1 Sequence (5‘ ==> 3') Length (bp) 

Forward TTT CT GGGCCT CT CCA AT 1 8 

Reverse GAACACAGACCAGCACCAGC 20 

55000 -155164000 -155163000 -155162000 -155161000 


GC% Tnt (X) Penalty Product Size (bp) Specificity Chech Binding Diagram 

50.00 55.86 8.1369 

116 View “ 

60.00 62.09 0.0866 

-155160000 -155159000 -155153000 -155151000 -1551560C 

<« « < > » »> 










nri|njj^nrt ^ ^ ^ 








ITT. JT f¥-| ■ n H -1 .» — -Hi 



























37858 1 




Primei Pail 2 


Sequence (5* ==> 3') 


Length (bp) 


GC% 


Tm (X) 


Penalty 


Product Size (bp) 


Specificity Check 


Binding Diagr am 


Forward 


TTTCT GGGCCT CT CCA AT 


18 


50.00 


55.86 


8.1369 


138 


View 


g) 


Reverse 


TAG AC A AT GGCCAGCGC A AC 


20 


55.00 


61 .88 


0.1164 








Primer Pair 3 


Sequence (5' ==> 3*) 


Length (bp) 


GC% 


Tm (X) 


Penalty 


Product Size (bp) 


Specificity Check 


Binding Diagram 


Forward 


TTTCT GGGCCT CT CCA AT 


18 


50.00 


55.86 


8.1369 


126 


View 


♦ 


Reverse 


AGCGCAACCAGAACACAGAC 


20 


55.00 


61 .74 


0.2640 








Piimei Pail 4 


Sequence (5* ==> 3') 


Length (bp) 


GC% 


Tm (X) 


Penalty 


Pi oduct Size (bp) 


Specificity Check 


Binding Diagi am 


Forward 


TTTCT GGGCCT CT CCA AT 


18 


50.00 


55.86 


8.1369 


127 


View 


♦ 


Reverse 


CAGCGCAACCAGAACACAGA 


20 


55.00 


61 .73 


0.2650 








Primer Pair 5 


Sequence (5* ==> 3’) 


Length (bp) 


GC% 


Tm (X) 


Penalty 


Product Size (bp) 


Specificity Check 


Binding Diagram 


Forward 


TTTCT GGGCCT CT CCA AT 


18 


50.00 


55.86 


8.1369 


119 


View 


♦ 


Reverse 


CCAGAACACAGACCAGCACC 


20 


60.00 


61 .47 


0.5330 








Parameters 



















VizPrimer ^ oLjLSLqXI : 60 J < aL 



I /> < ' ■ ~ *C II 4_a_U|g d_)^m ■*»! ■ *1 Ofl j K ~ a (View) ojj_<Lo L7 _l_c jJLlJI ^ Lol 

. £s_oL^lJI 
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AllellD ^Lob^j • 



4 -_ u Lq- g J p$Ju Primer Biosoft aSj^J duzjLJ) dU->Li.| £-ol>JI ^-1 

ol lLo-sJ! dJ-k > 9 ) ol ujgj-t-iiJI^ d jj\ 1 ■ Jl oX^I mJI Oj — > ) 

j|_Al s DNA oLJI^lI ■ o l*U _5^1 ^-Ol JjJ) J_<3_2_) . I— )l \ 

ol JI^Jl -L^_x L> Q-i j 0 L^_< 3 _x 3 t ^ i j a j^Lil p^J^ Jl |^_<g ^ d ijLJI ( j_L^LJ) 

p^j)^ 1 l g 1 1 \ Kq qPCR d s a j^L> p^j)^ } |^_x_<3 ^-ol j^JI 1^9 <3 jg . d q\ \ sJLl 

^ ( 61 ) JSOJI, — Jl ol — jl_Lc_2_J ^-> 1 ^ Microarrays doLo-Jl oL^g c <JJ 
. aJ_<3_2JL_uJ) p^Jg-Jl >, q \^»gJ 4 -j, \ \ I <? Jl oLog-Lg-ll pl_L^_cj ^-oLjjJl d £ Jg 




AllellD £UoL)j_j oL>j3l05 4_^_> I9 : 61 



5) o^L L>t_J) plj_>^ ol-s jJg 11 1 ^sg-x-Jl j— o ol sjjl_^! *ojJ ^yol j'jJI J-o- 2 ^ ^^9 

OjJg SJ) O^LcI aJ J_<3_2Jl idiJ 1 1 ell Ij J Lo d \ 7 v^Jl d \ <3 *\ tig d \ C g J 1 olj-J,\ 0 Jl 

Cross species £g_j j—o p^Jg-^ ^ ^ J-o v * m j lJJ a <3 Multiplex PCR dj, \ ? J J 

. primers 
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PathoGene £_obj_) • 

cjLo^-j-JL-> J-SLJ jH <3 1 1 ? l 9 jI 9 _JI dJiJ 9 CDS bj a t 1 j G I •■ 1 1 j|_^X £s_oL^(J! J <3 s. i mj 

j_S 1^5 . (PathoGene Database) ^b^J) obLj o^cLi ^ oj^gil 

o^_cLiJ) oLlLq 9 ) GenBank oLiLo jL-13-1 Jjlo d_JL>- j_o j_lSL ^uob^JI JLo_ 2 j_ujI 

. TIGR 

oln^iu 09 ^j j! ^ ^l 9 FASTA ^ 3 . jl oLil^bi) J < a \ 1 ^^Lj^lJI ^ ^ ->lgg 

CDS J q j-o j- 5 Lr ^^Ij^lJI jl L<^S . jLjljAIJ oIj—Gj^-o 4 $ ^Ig-H j-^9^9 IUPAC 
jLjjju ^1 ( J_L^Ll-0 -)L-£:I ♦ ^ 4 ^ 3 *JLjlSJlJJ jLlJL>) ( J-S3 D-L_cl _9 500 j-0 ^1 

CDS qj^jjjJLI ( j_L^Lu3_U 4 _>t_L^l oLJl^jJl jL^I j-o j-SLr^ < L^J ^<34-0 v^ig ,\ ^ <gJLl 

^ g s^g-o l_<3_^ BLASTing l-qLlL^ o LL^ pl^l J-Lo oLiLSl-o) j_c ^1 \aq 

( 62 Jii) ^1 J5LAJI 
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PathoGene ™ 

A CDS Findina and Primer Desian Tool for Microoraanisms 



Choose organism: 

® Bacteria : 

O Virus: 

O Fungi : 

NIH Categorized 
Agents : 

O CDC Categorized 
Agents : 

Choose locating method: 
© GenBank Annotation 

O TIGR Glimmer y 2. 13 
Find CDS by: 

® Number 

O Gene Name 
(Annotation only) 

O Locus Tag (Annotation 
only) 



Saccharophagus deg ra dans 2-40 



Glimmer options: 



Select Virus V 



Select Fungi 



Select NIH Agent 



Select CDC Agent 



v ! 



3 



OR 



Enter a FASTA format sequence: 



> [optional comments] [carriage return or enter] 
[DNA sequence with A, C, G, T, M, N, and/or W] 



These symbols should NOT be used 
in the comments field: '#$%&() 
\ I J ' " < > / > 



IUPAC o*> 



or upload a FASTA format file (PLAIN -TEXT only): 
[ Browse... J 



SUBMIT 



RESET 



Primer Pickinq Parameters 



No .to Return: 5 

Max Misp riming: 12.00 
Product Size Min: 200 

Primer Size Min: „1S 
Primer Tm Min: 57.0 
Primer G C % Min: 45.0 
M ax Self Complementarity: 
Max #N‘s : 

CG Clamp : 



Max 3 1 Stability: 5.0 

Pair Max Misp riming: 24.00 



Opt: S00 Max: 1000 



Opt: | 23 Max: [27 



Opt: | 60. 0 | Max: |S3.0 



Opt: | 50. 0 | Max: |55.0 



S.00 Max 3 1 Self Complementarity: 
0 ; Max Poly-X: 

0 Max Tm Difference: 



O Generate Internal Primers 

■-4J.IIIJ.IJJ.lil 



O 



Generate RT-PCR primers 



_7i 

0 

% 



0 Split CDS > 500 bp 

□ Find upstream "promoter" region and design primers 

□ Find 2 kbp upstream region and design primers 

Flanking sequence for CDS: 200 _v] nucleotides 

Buffer sequence between primer and CDS: 50 V | nucleotides 



BLAST Options 



□ BLAST PCR product against selected genome 

□ BLAST primers against selected genome 

□ Send reply to the email address 



3.00 



3 

1.0 



PathoGene : 62 J 
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Beacon designer ^obj.) 

Jl ^ qw i ^ J_S! sIjlj J < 3 _s_j^ < Primer Biosoft 4l5j_a1lJ 4_s_jLlJ 1 4 v^L-j-1 aa>1 

4 j^L> i |<i * o a^ 2 lj 4ljLjLSLoL ^uob^Jl jb -^3 « qPCR 4 * o ^ II ojj^-SUl o^LcLaJ 

4-o«l_> 4lL^LljjLj aj^jbJI l-jljl-^ I jjJ 1 j Sj j_c d-ljl_2_j Sj RT-PCR 4 a ^ * 



l!_Ua ^ ^ * I <3 i \M ,Q d-c-q ^ II p^lg-JI (qn, tu J-q ? •; vm j LqA . mFold server 

ii <2_Ll3<_LI ^Ig iMJ ^^jlg Jl ->l £■) ^ ^yqbjd) J_q_2-i_vu_)g . oLiluJvI p . q u»J 

. £g^Jb dL^.Li-1 p^jIg-JIg Cross species 



. J 5 J-S! A 1 J J -0 3 I ^LjliJI luL> 9 Jj _-0 ^L-objfJl ^CjLlJ^ 

J A— 2 JL 1 1 OjJ^ SHI J cbij J jLO (j^lj £-^l (j — 0 A ? A^-S-li HI jO_jl^ 3 _A^ 1 J j 

dJi Sg TaqMan g SYBR Green I JLq-sj ujL RT-PCR g Multiplex PCR 

i-iljl \ ^>| qL^_>lg ^_^qg_) (63 J_SAj) ^bJ) J_SAJ)g . LNA assays g_i \ a 'i I cjLm_>wq 



£yqb^J) 




Beacon designer £_obj_> .-. I . U * ^ : 63 JALA 
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BLAST £L-ol JU- 2 _i jjj) 1 C LsjjLjjI 4 ^_< 3 JL 2 _j Aj-lJv ^ dJ L< 3 _SJ— l-U 1 g 

f 

o)j — 5 j oy — >^1 jl ^1 I — c — *-11 ^34-0 — L 7 ^ L^-i Lj-sj—j-u 1 9 oLJI^jlJI 1 a v^> t 

i^jlj C 7 ^Jl9 (^I^jI 4 -lJ- Lj) Multiplex J-< 3 -aj— *^9 . vV^ 

e 

. > <? I •; >-o j-o £*-oLj^J) Jj_s j_o I ^ i o a^LJI 

GenScript ^-olj-j i-o>^ 

f f t 

1 ^ i >0 4 d h >uQ ^Pl -<3 7 t £L-oljy j^0j-jl_S 1 (^-Lc 4 - 0 j_i-l 

"(64 J^L jjj) ^yV) J \\) tl ^ ^_ 5 ^y-o Lo_^ 4-0L2J) 



GenScript Online PCR Primers Designs Tool 

** This online tool designs PCR primers foryou. 



Ba&Lc_ j 



Standard 



AdvanceT~[ 



Sequence: 



0 Left pri 



primer 



□ Hybridization probe 



Pick Primers 



Reset Form 



0 Right primer 



GenScript a^I : 64 J S u i 



t~> ■ ~ij j ^ 11 Jj Lai i I 1 ( yu 4_al_i-ij_l! Jq t~> JaLo '"'I *>-l '>■ <VI 

. oa_cLs 40 _j dja_><jo ^oLi^JJ 4 j. I '-^yi j<3_jL_e ! ^ L^jLJI^j aja^- jIjJLIj I ^ - 11 

OjJg *S II J_cLi3 <dL-oj^i-) £\-o)j_j j-0 j-i-XI ^L-ob^tJI gl j-i-XI jIa-aaaXI J-^-SJLjaij^ 

ajaJ- j_C U jL^. 9 PCR (TaqMan)Primer design Llo oLaa^I JUus-l^ < — A' 
^UoLjjU) JLo_2J_Uj! A i Cg . (j-0 20 d- u AAJL^ OA^-I^J) Oj_LI ^ (j -^-?9 ‘ ^>1— AU_^I 
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i yu J \\\ ) oLj^ \\\ < N^1 >1-^9 \m Aj-L^JlJ 

: ^ g vAg-o l_<3_^ oLj^ \w < N^1 ^j-u ^j-i 7 lo a ) ^ vAg-j 

'ACGCGCG:CGTACG' 

A-L^jLi^ ^ _ \ 23g_> ^UoLjj^Jl jL-9 L-3gj_3L^O jH-C ^l^J J->j| U) Lo I 

0 L^u^l oLo^-jljl-> I ^ t 1 f j_9^JlII oLo^-JL-x-i) ^ 1 C LU Ljg \\\ ^1 

Accession ^uoLij^Jl J q a i m jg . ^^LjjhJ) cjLjL-j da^c[_ 9 Djg_>g_ll ^lij-J-lg 

lu1j,\ \^»X1 pL^jl j-^o ^-jl-IL> j) l_jl_^ ^jlJI^ GenBank o^L>,\ <g ^ No. 

d> \ a )J 7 lJ) pL-9j^l ^^Lj^lJI J-Q 7 ~\ \\\ Jg ^IgJLlI ^^J-C i_ )Mj,\ ? ^ 11 gl 

( 65 J <C \\>) ^LJI J *s \\\ Tig . NCBI ^-^ 9-0 j-o 1^)1^ pg-iij RefSeq 
o)jL_> j_o L^j ^_>J-j Log I ^ 1 1 a ~\ ) ^ T1 cj , M_>oJUg oLjLSLoI 

. ^uoLjjhJI ,^-Lc L^jMoI i u) oJJ ij-^c 
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Gen Script Real-time PCR (TaqMan) 
Primer Design 

** This online tool designs real-time PCR (TaqMan) piimers for yon. 



Number of Plimer Probe Sets to Return (Limit 20 Sets) 



3 



PCR Amplicon Size Range 50-150 



Plimer Tin Minimum 58 Optimum 59 Maximum 60 
Probe Tin Minimum 



68 


Optimum 


69 


Maximum 


70 



Organism: Human ^ 



°C 

C 



□ Pick Primer/Probe Crossing Exon Junction 
Target Nucleotide Sequences: 

* GenBank Accession: 

* or Paste in the DNA Sequence in raw format: 

at gg aaatacaaca aacacaccgc aaaatcaatc gccctctggt a 
341 ttctcttgct ttagtaggag cattggtcag 
catcacaccg caacaaagtc atgccgcctt 

901 ttttacaacc gtgatcattc cagccattgt 
tgggggcatc gctacaggca ccgctgtagg v 

961 aacggtctca gggct-t.ct.t-g gct-gggggct. 



Start 



Reset 



GenScript <aLoj^ uul^ : 65 J 



Xpression primer ^uobjj • 

^ I £ ^ a t *0 7 tl^ « A I *C tl ^ * o 

dJj 9 . dJubJI (ORFs) Open reading frames opIj^aJ! j_LI 

jjlal lL) jl »jl 3 -) j • 4 -t.Lv 1 1 h \ a i ? 1 1 UTRs jjJoL-o (j-o 

. ( BLASTing) usL Lk. oLJ_< 3 _c plj_>L q ) j) a-jlj 2 lljLlI 1 

I Ga J CJ LJI^JI oLUiJ pUjJI jj \7 a >□ t J-Q 7 1 \MJ 3 

21 21 CjI jlJ1_2_9 2_J^ < ^ JL I o c oLJl^Jl 

2 i ^->(3 ^ uiJl^ . Entrez J Lo 2 Lol_c oLLj 1 ^ a > ^ PaLjjX 

. j) C 7 ^J 1 oLLJ 1 9 
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Xpression primer ■-> ! . U ? ^ a g : 66 J < aL 
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JLo_2_i — 4 g GJj — ^2 Jl-0 j$ — Sj jl j_SL C ^^iJ) j-0 j-Sj l_4_C M Qg 

♦ j ^1 ^ Jill) Jhh- 5 ^ 1 1^ ; ^3 ^ol>J! j-o l59^ 



JCSG primer selection tools 

^ 2.5 ± j-o C7 ^J1 oL>j 42 J_<j_>tjLil 4_JL£t ^-lsj ^Loj_i-l d4^j> 

— J1 jl — £-1 j— O J. — ^ N >0 ^ — to 7 1 L^-J^ l-^_> D,\ t Q o jr) Sj J_< 3 _>tJLJ) 4 i J^Js • 

l^5_slsj ^ 65—60 (^u ^420 J- 2 ^ jLs ♦ 62.5 j ^ 1 1 ojl^ 44 >jj li) ^Ll<3_s < 4_<3_j^I2U 



u V\ C 1 lil J-SJ9 < 5) ^-iJJ I-L& j-4-J^b J^Li^L 4 _OJ^m P^jI^-J) j_-0 J-^-S— 1 ^- 4 - 



9 

P^jI J ^ 4L)^ P^jLj ^1 L^— 2-J ^ L-S^—SJJ 4 il Q J 4_<3_x_9 ^42U D-LfiLi j Q ^ £UoLj^-JI 

J 4_S-^ ^ 60 4 >jJ 4 LC ^l_L<3_S < DJ44>^0 4->j-) Air Fit CXclCtly l-^_> |<3_5 ^Lo 






j 2 1*^4 



04 ^ 5 . ^ 59.9 5 ) 60.1 h 






4_>o ,\ ; r 



J-4-2-J 5 ) j< 3-4 v^j P^jL 44>5-J ^ 4_j 1 ^_L 2 _J 
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Primer Design and Search Tool* 

A 1 1 Aj < II O^LcLij JI_>wQ l7 S oLo-i-il ^ . V ^j-ll 4_ol_2_JI j-o 

: ,_yXI J ‘s vu I I Jz I £ \ £ y \$ 



Primer Design and Search Tool 

Menu 



Primer tm 

Primer score 

Simple search 

Primer search, 
ePCR 

Primer design 
MSP design 
Parameters 

Help 

Manual 

Faq 

Manuscripts 

ChangeLog 



Search for the best primer pairs 



Sequence 



Bisulfite 



atgg aaatacaaca aacacaccgc aaaatcaatc gccctctggt 

841 ttctcttgct ttagtaggag cattggtcag catcacaccg 
caacaaagtc atgccgcctt 

901 ttttacaacc gtgatcattc cagccattgt tgggggcatc v 
gctacaggca ccgctgtagg 



□ 



Set search region Forward primer: 
for 







Reverse primer: 


y 



Max length of PCR 400 



Search primers j [ Clear Input ] 



Parameters 



■a-.,.. 100619 

27239 
5636/3530 
5S1 0/3 12S 
- 1616949/120906 

. 21407/31341 



MSP desigr,: 
: 



0043 

2.22 

17/03/10 



Primer melting temperature- 



Genome builds 


Primer cone 


1.0 


mikromol Glycerol cone 


0.0 


% 


Comments 


Potassium cone 


50.0 


milimol 


Ethylen glycol cone 


0.0 


% 


Statistics 


Magnesium cone 


1.5 


milimol 


Formamid cone 


0.0 


% 



Primer scoring values 

Description Weight Min 



Opt Max 



Description 



Weight Max 



Primer length 


0.5 


20 


23 


35 


Self annealing 


0.1 


20 


GC content 


1.0 


40.0 


50.0 


60.0 


Self end-annealing 


0.2 


,0 


GC content (bis) 


1.0 


0.0 


30.0 


60.0 


Pair annealing 


0.1 


20 


Melting temp 


1.0 


45.0 


60.0 


70.0 


Pair end-annealing 


0.2 


10 



Primer design- 



Results list size io v MaxTmdiff 



8.0 



Minimum of CpGs 1 



Database search and fast PCR- 



Database —Select genome 



PCR 

length 



1000 



Mismatches 

PCR product 
to show 
Primer 
matches to 
show 



0000000011111111 



Max: 



100 



100 



Primer Design and Search oMcLu a $ » )$ : 68 J_5L 

Tool 



i ‘ 1 1 1 5! . I ^ <3 ■ ^ jIj-LI jj Lai 4 . <3 II d_oLsJ! oLJIjjlII J q ? ~ ~i I ^ 

i \\) <3_U d_cJ^Ll! gl jj i 7 *i II oLjLSLol d I 1 1 II ‘ ~ 1 1 ■ I q 2 L> d. a L jJ I 
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01igo7 £-obj_j • 

d — sLL^JI L7 — Lc djLI — ujl^ o_ i _ a _>g . £-olj<-ll j-0 

pa ^ I d ^ ^lg £ — kb^j ^1 — iJ) J_5 ! — slLlJ ) ^ « l_jl — JLlJI ^1 — »J! ^I^lJ Dj_il 

4 _<— ^LiU 




01igo7 ^uoLj^j L^j ^ j GA Dj.il iiLL^J) lo r : 69 J_SL_uj 



j*- jIjlJI ^ L<3_^ ^U3-jM-0 j^-C j^-Sj 3 f L-Qj In 1 t Oj_jU 4_sLL^J1 j9-^ 4-JL> ^ ^-Q LjjfJ 1 J $ V>i Jg 

^JLJ! 

I <q_^ GC i I jl!_C £^jI JJ 3’ i Qj tl jj SLj I qa ; r 0 «Lj3> I ^ * Q j : j_C 4-JLM Sjg 

(70Ji 




3' l-Qj Pa 1 1 dJLLJI lLljl_> ^j-o (O-j^Ull ^i_c. \^AgJl : 70 J 7 u> 
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L<3_^ LoJ^Lo 4-si lo tl lo >^0 GC j-0 4_<3 _j^Lo l_jl_Jl5lLJ 



4_jl_q p^jL-J) *\ j Lo a i r ^ tg 
(71 




jg Sj I ^_il ^1 ojLL^I ^ oXL> ^uoL^JI 

. (72 J^ii) <lj* I otfLM > L^ D^J-1 <iiLLJI ^Lc. LL^I 



AG=-9.3 kcal/mole 
TGTRCGRGGCCGRGCCCR 3 1 

1 1 1 IIII 1 1 1 . 

RCCCGRGCCGGRGCRTGT 5 ' 

l^.-a. <UL=» 

AG— 5 kcal/mole 
TGTRCGRGGCCGRGCCCn 3 1 
3 ' GGTTCRCGCTGCRGGTt 



CT 



ijJI o^3 ^jSjcxo <jJb=» 



AG=-1.6 kcal/mole 
5 1 RGGRRRRCCRCCCGGRCT 3 ’ 

3 1 TCRGGCCCRCCRRRRGGR 5 ' 

«JU 



I g I <J-£- O^I_>5 oL>5Jj_0 : 72 J_SL 



JlU 
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49- 



4 ±> J^-o 



jLjLSLo] (59-^ £yoLjj^-Jl 4 ^ ^lg jl_S O^Lc) j-Sj Lo_C M Qg 
(73 (J ^ \u I I I < 3 0 Analyze ajgJbj c_l3»- 



Oligo 7 Demo - Human elF-4E.seq 

Analyze 




Search Select Change View Window Help 



! s Key Info 

Duplex Formation 
Hairpin Formation 
Composition &Tm 
File: HumV False Priming Sites 

Homology 

Selected Oligonucleotides 
Oligonucleotide Sets 
PCR 
LCR 

Melting Temperature Graph 
Internal Stability 
Sequence Frequency 
Open Reading Frames 
Restriction Enzyme Sites 
Restriction Enzyme Sites in Protein 
Hybridization Time 
Concentrations 



Sequenc 
Reading 
Current £ 



3 

a 




Oligo 


Position 


Length 


# Feature Location 


^rimer 






1 source -18. .1850 


^rimer 

30 

go 


... 


... 




JCt 


nt 






,600 


,700 


, 300 ,900 ,1000 , 110 O j 1200 ,1300 ,1400 , 1 SC 0 ,1600 ,1700 ,1300 



CGATCAt All Checked Ctrl+X 

GCTAGTL IALtLI ALtAI lUTKELGL 1 GALAGL 1 1GGLL i il' 



: I I tm: 



C C AC C C CTACTC CTAATC C C C C GACTAC AGAAGAGGAGAAAAC GGAATCTAATC AGGAGGTTGCTAAC C C AGAAC ACTATATTAA 
GGTGGGGATGAGGATTAGGGGGCTGATGTCTTCTC CTCTTTTGC CTTAGATTAGTC CTC C AAC GATTGGGTCTTGTGATATAATT 



IR-SDR5KHATVE PETT PT PNP PTTEEEKTE SNQEVAN P E H Y I K 



< 



3 . iAJt 



o Lji Lo j I $ Ibj J_Lo 
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